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THE PATTERNS SEEN WHEN ALTERNATING ELECTRIC 
CURRENT IS PASSED THROUGH THE EYE 


BY 


J. G. WOLFF, J. SEE R. H. S. CARPENTER and G. S. BRINDLEY 
From the Physiological Laboratory, University of Cambridge 


When alternating current of frequency up t is p: 

` P $ $ ‘J O 210 2 s 

the retina is brightly and uniformly illurnineted, clin ee the eye while 

Other such patterns are seen when current of frequency up to ake oe patterns are seen. 

the eye in darkness. These patterns are here described, and their ori e Pa trongt 
D . 


. INTRODUCTION 


Lohmann (1940), in a paper mainly concerned with other aspects of the sensitivit 
of the eye to electric currents, gave a brief description of patterns that could be Pa 7 
when all or most of one retina was uniformly illuminated, and at the same fis 
alternating electric current was passed through it. We can find no other published 
reference to these very striking and beautiful patterns except for passing mention 
in two papers (again mainly concerned with other topics) by one of us (Brindley, 


1962, 1964). 
Over a narrower range of frequencies, conspicuous patterns can be produced by 


passing alternating current through the eye in darkness. These were first described 
by Brindley (1955, p. 196) but only for 50 c/s., a frequency that is relatively un- 


favourable for producing them. 

In the present paper we shall describe these phenomena more thoroughly, and 
speculate a little on their origin. 

METHOD 

ricity were put into the eye through an eye-bath filled with 0-9 per cent. 

lution, as in the experiments of Brindley (1962, 1964). The indifferent 

on which one hand was placed. The central 

d, usually at 220 cd./m.® with white light. 


Light and elect: 


sodium chloride so the 
electrode was a large wet aluminium plate, 


40° of the visual field was uniformly illuminated, usu t 2 ; 
Where any other luminance or colour was used, this is explicitly stated in the text. The 


far periphery of the visual field was illuminated less brightly, by a factor of roughly 3. 
The electric currents were sinusoidal except where otherwise stated. Except where 
otherwise stated, 2 V. r.m.s. was applied between the eye and the hand. The current 
flowing through the subject was roughly 0-7 mA./V. 

The conjunctival sac of the eye used was anaesthet! 
Caine or 2 per cent. cocaine. p Kad f 

The oper eye was usually kept open and illuminated, but covering it made little or no 
difference to the patterns seen. 

š + OBSERVATIONS 
inated 


A. Retina uniformly illum 
i i in i i f frequencies of alternation of 
The following account is arranged in increasing order 0 nici 
the electrical stimulus, and is divided into four stages. The beginnings Haoi aeni 
third and fourth stages are defined by the appearance at or near the point of regard ot a 
I 
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new patch of mauve or blue that tends to expand and fill the whole visual field as the 
frequency of alternation of the current is increased. A rather similar patch appears 
during the first stage, but it is fainter, less well defined, and different in colour. 

The letters w, d, c and b stand for the four authors. 


Stage 1 


(i) At frequencies between 10 and about 40 c/s. the whole field flickers strongly, and 
in this flickering field vague and elusive patterns are seen that vary greatly from subject 
to subject, but are repeatable for any one subject. b: a regular horizontal and vertical 
chessboard. c: like interference patterns on a ripple tank; superimposed on these, a 
large-scale pattern of slowly-moving grey continents. w: a complex pattern of ill-defined 
light grey stripes. = 

When we showed these phenomena to Dr. J. R. Smythies, he commented that at 
frequencies between 10 and 40 c/s. they were just like those with which he was very 


familiar in flickering light (Smythies, 1959a, 6); but the patterns seen at frequencies over 
40 c/s. were something quite new in his experience. 


(ii) At 30-35 c/s. a roughly elliptical patch of dirty yellow-green (c) or neutral gre 
(b, d) appears, centred on the point of regard. With increasing e it oT, 
until at 40 c/s. it is about 7° wide and 5° high. d: Figure 1; the patch consists at 40 c/s. 
of two shadow-like arcs. At higher frequencies it is difficult or impossible to see. 


FIGURE 1 


L 10 


The pattern seen at 40 c/s. b i 
40 c/s. by d. In the centre (striped) is the bl tch 
(i) of Stage 2; surrounding it (speckled) are the eae eae (ii) ay ae 5 


(iii) From 10 to 50 c/s. the region of the blind i ; 

i 9 t ; spot looks different from th the 
field. k more intensely flickering, but not on the average brighter or e 3 , the 
special appearance of the blind spot is restricted to its boundary (as shown in Fig. 5 of 


Brindley, 1 ; this b : : g : 
brighter. 955); this boundary flickers more intensely than the rest of the field, and is 


Stage 2 


_ (i) At 40 c/s. (b, c, d; for w 48 c/s.) a blue or mauve patch 
point of regard, and expands with increasing frequency (Fi k 1). "ake to tes rie apes 
cribed on p. 517 of Brindley (1964). Spo 


x w By 50 c/s. (b, c, d; for w 62 c/s.) the patch is an irregular oval about 10° wide by 
7° high. 
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(iii) It is bounded externally by a fine line of luminous cream (c) or turquoise (d). 
b and w see no distinct bounding line, but merely a sudden change from white or yellowish 
white outside to mauve or blue inside. 


(iv) The centre of the patch is paler than its outer part (b, c, d, w). 
(v) The patch flickers less strongly than the background near it (b, c, d, w). 


(vi) As the patch expands with increasing frequency, a new region of strong flicker 
appears at the centre of it (b, c, d, w). 


(vii) At about 50 c/s. this central flickering area may be seen as a stationary pattern 
(b, c, d). b: from 50 to 55 c/s. straight radial stripes; from 55 to 60 c/s. these become 
curved like irregular daisy petals, but remain stationary; above 60 c/s. the radial “‘petals” 
move and become part of the pattern of yellow lines (see x below). c; at 60 c/s. a watered 
silk pattern, with a bright turquoise spot at the point of regard. 


(viii) As the patch expands, areas of a similar colour appear in the far periphery and 
expand inwards and merge with it, first in the lower nasal quadrant (b, c, w; for d upper 
nasal), and then elsewhere. 

(ix) The central and peripheral mauve or blue areas continue to merge until at 60 c/s. 
(b, d; for c 75 and for w 9o c/s.) all that remains of the former background is a crescent in 
the upper temporal (b, c, w; for d lower temporal) part of the field. 


O © 


of Stage 2 at 60 c/s. as seen by d. The lines are yellow (occasion- 


Four sketches of (x) ), and about 3/ in thickness. 


ally yellowish-green or orange 


which the central and peripheral mauve or blue areas 

ly moving yellow lines appear Aa to bs pei = 

lines form various patterns within the central 10° of the field. 

ie a ced K D R first appears, it either ends indefinitely in the peripheral 

field Jo O onal forms a closed loop orea degres i sree ee 

eld, or, mm , s ; ence pares 

disappears by shrinking to nothing, but its shrinking may be a 

i i f size. For w, each loop lasts about 

of expansion or of change of shape without change o . m a kena 

bout three in the field at any one time. or b and d, p 
= the aa ne, For c, d and w, but not for b, a yellow line sometimes forms a 


spiral centred on the point of regard (Fig. 2C). 


(x) At about the frequency at 
begin to merge, curved continuous 
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FIGURE 3 


10° 
——— 


(x) of Stage 2 at 70 c/s. as seen by w. Here and in Figures 4 and 8 the small cross 
marks the point of regard, and is not part of the pattern. 


(xi) The yellow lines are about 3’ in width. For w and b they have narrow dark 


borders. For c their boundaries are hazy at frequencies below about 80 c/s. but sharp 
at higher frequencies. 


(xii) The area occupied by the yellow-line figures expands with increasing frequency. 
Stage 3 


(i) At 65 c/s. (b, d; for c 80 and for w 90 c/s.) a second blue patch, darker and more 
saturated than that of Stage 2, begins to show itself in the centre of the field. It expands 
with increasing frequency, 

(ii) Where yellow lines cross the 
than elsewhere (b, c, d, w). For b a; 
(see Fig. 4). 


(iii) For b and d the patch is 10° wide and 6° to 


in diameter (width and height about equal) at 85 c/s. 
at 100 cjs. 


patch, they appear more conspicuous and less mobile 
nd d they also appear finer where they cross the patch 


s . o 
9° high at 75 c/s. For ¢ it is 10 
For w it is 10° wide and 8° high 


(iv) As the patch expands, areas of similar colour appear in the far periphery and 
expand to meet it (6, c, d, w). 


(v) The yellow-line patterns of (x) 
The pattern seen by d at 85 c/s. is sho 


(vi) There is a faint nearly stationary flickering of light blue and dark blue in the 
central 10° of the field (b, d, w). This increases in size with increasing frequency; for b 
it has attained a diameter of 20° by 95 c/s., for w not until 130 c/s. 


(vii) As the frequency is increased, the yellow lines cease to be concentrated in the 
central part of the field, long open-ended lines and large loops become commoner and 
small loops less common, and the patter 


n becomes roughly uniform throughout the 
whole field. For d the pattern attains this rough uniformity at go c/s., for b and c at 


100 c/s., and for wat 130 c/s. Figure 2 of Brindley (1962) shows a typical pattern. 


(viii) At 90 c/s., d sees a small turquoise spot with an irregular boundary flashing at 
the point of regard. cand b see a closely similar turquoise spot at very different fre- 


quencies, ¢ at 60 c/s. (see (vii) of Stage 2) and b at 120 c/s. (see (ii) of Stage 4). w sees 
nothing of this kind. 


of Stage 2 remain conspicuous throughout Stage 3. 
wn in Figure 5. 
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FIGURE 4 


Early Stage 3 (75 c/s.) as seen by d. The blue patch characteristic of Stage 3 is shown 
vertically striped. 


FIGURE 5 


The yellow-line patterns seen at 85 c/s. by d. 
Ld 


n f this stage only when the applied r.m.s. potential is 
na of this sta m.s. 
E wae z ene i enpas below are for this potential. 6, c and d continued 


to use 2 V. 
‘ ’ F 
i 1 atch appears in the centre of the field, still darker an 
(i) At teo oie i etme 3. For b it appears at 110 cjs. and for w (2:5 V.) at 
ai cis. "Por c it is formed by expansion of the turquoise spot (vii) of Stage 2, but this 


expansion does not begin until 90 c/s. 
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FIGURE 6 


Early Stage 4 (110 c/s.) as seen by d. 


(ii) The blue patch that defines Stage 4 shares, but in lesser degree, the ten 
the patches that define Stages 1, 2 and 3 to expand with increasing e er te As 
from them in that it may appear as several separate pieces (b, c, d, w). For b it always 
does so; there are three, four or five pieces, one very small, centred on the point of regard 
and greenish blue, the rest centred about 3° from the point of regard and violet-blue; a 
slight increase of frequency causes them to merge. É 


(iii) Patterns of yellow lines are still present throughout the fiel 


lines cross the central blue patch they become conspicuously thinner ( ee 


b, c, d, w). 
FIGURE 7 


Middle Stage 4 (130 c/s.) as seen by w. The speckli i 
two patches shown striped are actually seen sisiped. eee uneen Blies EE 
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(iv) Blobs of yellow appear within the central blue patch, and (for c, d and w) fuse 
with some of the yellow lines. 6 likens the yellow blobs to holes in the blue patch, through 
which the general background shows; for him they never fuse with yellow lines, and 
indeed are sometimes crossed by them, the lines appearing saturated yellow upon the 
less saturated yellow blobs. For w the blobs sometimes flash on and off. 

(v) The patch remains roughly circular, expanding slightly with increasing frequency, 
but is continually beaten about by the lines and blobs, and occasionally forced into two 
or three separate parts (b, c, d, w). 

(vi) At about 130 c/s. (b, d, w; 110 c/s. for c) other patches appear in the peripheral 
field. These consist of fine parallel blue and white stripes (b, c, d, w; see Fig. 7). The 
stripes are so fine that it is difficult to be sure of their direction, but b and c think that 
they are vertical. 

(vii) For b, c and d, as the frequency is increased the central and peripheral patches 
merge. The peripheral patches seem to remain striped and the central one to remain 
unstriped, but the distinction becomes difficult to make, and no sharp boundary appears 
between striped and unstriped. For w, as the frequency is increased, the striped patches 
increase in number and size and the central patch breaks up; patches of the two kinds 
do not merge. For all of us yellow lines and yellow blobs are abundant at this stage, and 
move about rapidly. There are roughly equal amounts of yellow and blue in the field, 
and the general impression is of yellow sunlight playing on a gently rippling ultramarine 
lake. 

(viii) Around 150 c/s. spots of a more saturated and darker blue come and go in m 
central 10° of the field, perhaps eight at any one time (b, c, d, w). band d suggest Te 
these might be considered to mark the beginning of an abortive fifth stage; c and w 
disagree. 

(ix) For d and c between 140 and 160 c/s. the field loses its brilliance and the colours 
become darker. band w do not see this. 

(x) About 160 c/s. yellow begins to dominate and the blue to be more and more 
broken up (b, c, d, w). Figure 2B of Brindley (1962) shows what b sees at about this 
frequency and a rather higher luminance. 

(xi) At 190 c/s. (c, d, w; 215 c/s. for b) the last of the blue patches disappears. For d 
and b the last surviving blue patch is always in the lower temporal part of the field, and 
for w near the point of regard. 


(xii) From about 180 c/s., loops (often concentric) or horseshoes of pale grey ling; 
reminiscent of smoke-rings, centred on the point of regard, expand slowly (b, ¢, d, w; see 
Fig. 8). Their slow expansion is practically independent of frequency over the range 
of frequencies at which they can be seen. Between 180 and 190 c/s. yellow lines an 
expanding loops of grey line may be present at the same time, and seem to be distinct 
and independent; above 190 c/s. there are grey lines but no yellow. 

(xiii) The expanding loops of grey line fade as the frequency is increased, and above 
210 c/s. (d, c; 220 for b and 225 for w) there is nothing to be seen. 


B. Waveform and strength of current, and colour and luminance of light 
Square-wave current Lert ig EA like sinusoidal current of the same frequency 
ightly larger peak-to-peak amplitude. i 
A en ia ot irent alternating with much longer and weaker pulses in the opposite 
direction so as to prevent electrolysis of the tissues, can produce patterns with bo 
directions of flow; but the two directions are not exactly equivalent. i : m 
If while any of the patterns of Section A is being observed the current is switched he 
the pattern disappears instantly. The results of switching the current on after an in 7 
ruption vary with the stage (i.e. frequency). In Stage 2, the pattern is restored instantly 
(b, c). In Stage 3, the central blue patch is restored instantly, but the number of yo rA 
lines is for the first few (or many) seconds slightly reduced (b), or very much meine 1o: 
c finds that the lines are often quite absent when the current is switched on after an in se 
tio d can remain absent for over a minute, returning only if he blinks. Mone : 
interruption f the light is not sufficient to bring back the yellow lines; closure of the aie 
Miferruption 9 E the whole pattern is restored instantly on switching on the T THe 
ms ea = re teat for the first few seconds after such restoration the a o; 
Eo greater (and of yellow correspondingly less) than subsequentty. 
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The patterns that we describe are seen best with the strongest currents mar par 
allows the subject to tolerate. The 2 V. r.m.s. (approximately 1-4 mA. r.m.s.) > 3 
used for the observations of Section A is not far short of this- but w and b pn aa ms 
make some observations at 4 V. without seeing anything strikingly new. R “ne paa 
frequencies at which each kind of pattern can be seen is increased slightly, : — 
and downward, by increasing the strength of the stimulus, and the vividness of the pa 
is generally enhanced. 


FIGURE 8 
O 
Oo 

z 


Late Stage 4 (180 c/s.) as seen by w. The lines are pale grey, and a little broader and 
less well defined than the yellow ones seen at lower frequencies. The whole pattern 
expands slowly, new lines appearing every few seconds near the point of regard. 


The luminance of the light can be increased or decreased tenfold from the 220 cd./m.* 
that we habitually used without any sub: 


stantial change in the patterns. We did not try 
lights brighter than 2,200 cd./m.?, 


With very dim lights, patterns intermediate between 
those of Sections A and D can be obtained. 


The colour of the light does not at all influence th 
influences their colours in a rat! 


e shapes of the patterns seen. It 
her uninteresting way, 
roughly additive. 


the true and apparent colours being 


C. Tangential versus radial current 

One of us (b) examined the patterns produced bi 
electrodes in the upper and lower fornices of the conjunctival sac, the central 40° of the 
visual field being illuminated at 220 cd./m.? with white light. Currents between 3 and 


4 må. r.m.s, were required to produce strong patterns, and these currents were painfu 
even with thorough cocainization of 


I the conjunctival sac. The patterns seen were similar 
in their main features to those of Secti i 


y alternating current passed betwee? 


D. Retina in darkness 
The patterns can be divided into three stages roughly corresponding to the first three 
stages of the patterns seen in the light. 


Stage 1 


Between 10 and about 40 c/s. the whole field flicker: 


: 2 l s strongly. At 45 c/s. b and d 
see a faint pattern of mainly horizontal wavy lines, alternately bright and dark, in the 
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central 6° or so of the fields; ¢ sees this, and also, in the same region of the field, small ° 
orange and blue patches moving about. 


Stage 2 

At about 50 c/s. a small bright lilac patch appears centred on the point of regard, and 
expands with increasing frequency. Between 55 and 70 c/s. this patch becomes blue 
rather than lilac, and takes on the very vivid regular spiral appearance illustrated in 
Figure 9 (b, c, d). The outwardly-directed dark teeth of this spiral flicker strongly 
(b, c, d). For all of us the spiral is sometimes right-handed, sometimes left-handed; it is 
rarely seen to reverse, and can remain stable for many minutes. Above 70 c/s. the spiral 
pattern becomes fainter and much less regular. 


FIGURE 9 


Pattern seen in darkness at 60 c/s. Drawing by c. 


Stage 3 

At about 70 c/s. a second small bright lilac patch appears centred on the point of 

regard, and, like that of Stage 2, expands with increasing frequency. The peripheral 
ins faintly luminous, and both it and the central patch are crossed by dark 


field remai y 3 a 
lines that form moving patterns rather like those formed by yellow lines when the retina 
is illuminated (x, xi and xii of Stage 2 and ii, v and vii of Stage 3 of the light patterns). 


No patterns are seen above 100 c/s. in darkness. 


DISCUSSION 


at we can say confidently about the origin of the conspicuous 


i hing th z 
There is norane ve described, but we should like to put forward a 


and beautiful patterns that we ha 


few Sage Ben roduce these patterns with currents flowing through the retina 

ax fai E a makes it likely that, as with ordinary electrical phosphenes 
as allel to its the electricity is acting on structures oriented radially in the retina, 
{ ste ect ds and cones. But this cannot be concluded as firmly for the 
i.e. bipolar cells or rods ay phosphenes. In experiments with two con- 


i for ordin: : 
patie Oi ectroues we Ent that a density of tangential current can be produced 
ctiv 


Io QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


which, if it were radial, would produce a phosphene in the dark, for in the fovea, 
where the “radial” elements depart appropriately from the strictly radial orientation, 
it does so (Fig. 4 of Brindley, 1955); but there is no similar check that this tangential 
current density is such that, if it were radial, it would produce the spatial patterns 
with which the present paper is concerned. 

The near-constancy from subject to subject of very many details of these patterns 
from Stage I onward contrasts strikingly with the great variability of the patterns 
seen when (in the absence of electric current) the whole visual field is filled with light 
flickering at less than 40 c/s. (see Smythies, 1959). The constancy, and the irrele- 
vance of stimuli to the other eye, provoke us to suggest that in some sense our patterns 
arise peripherally, in the retina rather than the brain. But such a suggestion needs 
to be elaborated a little before one can be quite clear what it means. 

People who have seen the patterns that we are describing generally say that what 
they see is exactly what they would expect to see if a certain pattern of moving lines 
and patches were really displayed in front of them; they are of the opinion that it 
would be possible (though technically difficult) to make a cinematograph film that 
mimicked any of our patterns so exactly that one could not tell the difference. 

From this probable identity of experience it seems reasonable to suppose that, 
at some late stage in the visual pathway, identical patterns of activity are produced 
by the electrical or electrical-and-optical stimulus and by the purely optical stimulus 
that (probably) mimics it. But it is exceedingly unlikely that there is any sort of 
mobile spatial patterning in the activity of the structures directly affected by the 
alternating current in our experiments, for the distribution of the current itself 
must be practically static. Thus in speculating that the Lohmann patterns are 
produced in the retina, we mean that already by the stage of optic nerve fibres the 
spatially almost unpatterned activity generated directly by the uniform light and 
electricity has been converted into a spatially patterned activity resembling that 
produced by a purely optical mimicking stimulus. g 

We are well aware that our speculation is uncertain and difficult to test. 
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VOLUNTARY ATTENTION IN PERIPHERAL VISION 
AND ITS EFFECTS ON ACUITY AND 
DIFFERENTIAL THRESHOLDS 


BY 
G. C. GRINDLEY and VALERIE TOWNSEND 
From the Psychological Laboratory, Cambridge 


The three experiments described in this paper were intended to show whether voluntary 
attention to a particular part of the peripheral visual field had any effect on the accuracy 
of the subject’s perception. Test objects near to threshold value (for acuity or for changes 
in luminance) were used. The experiments were also designed to study the possible 
distracting effect of other stimuli presented simultaneously in different parts of the field. 

In Experiment 1 the subject could be given foreknowledge of the position in which an 
acuity test object would appear. In Experiment 2 the signal of where to attend was 
given simultaneously with the exposure of an acuity test object. In Experiment 3 
differential thresholds for luminance were investigated by methods similar to those used 


in Experiment 2. y 
Tt was found in all these cases that the instructions to attend to a particular part of 
Itaneously 


the peripheral field had no significant effect on perception unless there were simu i 
exposed “competing” stimuli in other parts of the field. The results support the view 
that, in peripheral vision, attention acts selectively on the immediate memory trace only 
when there is a complex pattern of stimulation. 


INTRODUCTION 


An experiment by Helmholtz published in 1866 was one of the first to suggest that 
voluntary attention to one part of the visual field can, in some circumstances, make 
perception clearer there. He was looking at complicated pictures and he remarks. . . . 

It is a curious fact that the observer may be gazing steadily at the fixation 
mark, and yet at the same time he can concentrate his attention on any part of 
the dark field he likes, so that when the spark comes he will get an impression 
about objects in that particular region only. In this experiment the attention is 
entirely independent of the position and accommodation of the eyes or, indeed, 
of any known variations in or on the organ of vision. Thus it is possible, simply 
by a conscious and voluntary effort, to focus the attention on some definite spot 
jn an absolutely dark and featureless field. In the development of a theory of 
the attention, this is one of the most striking experiments that can be made.” 


(Helmholtz, 1925.) 


In this experiment by Helmholtz there was no control of eye movements though 


it now seems unlikely that they were important. The experiments can, however, be 
considered as the starting point of more recent work on the effect of attention in 
peripheral vision. The effect is so striking that it can easily be shown with any form 
of tachistoscope, or by short exposures of a complex group of figures on a screen to a 


a ra A (1960) and Averbach and Sperling (1960) have done some 
well controlled experiments in which a group of letters (greater than the subject’s 
span of apprehension) was exposed tachistoscopically. They found that if there was 
no signal to attend to a particular part of the field and the subject was asked only to 
Teport as much as he could of what he had seen, the report would, on the average, 
usually give about four or five letters correctly. But if there was an attention 
signal” just before or simultaneously with (or even just after the exposure) directing 
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the subject to one part of the field, the subject could usually report the letters in that 
position quite correctly. The subject often added that he had “seen” letters 1N 
other places but had forgotten what they were. With attention directed to a different 
part of the same pattern of letters, similar results were found. This technique enables 
the effect of eye movements to be ignored. Averbach and Sperling conclude that 
under their conditions, attention acts on our immediate memory rather than on what 
we ‘‘see.” 

In the experiments described in this paper we were concerned with the effect of 
attention on briefly exposed peripheral test objects when these were near to threshold 
value. We have attempted to examine this question in the case of acuity and differen- 
tial thresholds of brightness and have compared the results of foreknowledge of the 
position in which the test object is to appear with the case in which the attention 
signal is given simultaneously with the test object. We have also compared the case 
where only one test object is exposed with that in which there are also “competing 
stimuli” exposed in other parts of the peripheral field. (In each of the experiments 
there were, of course, control trials in which no attention signal was given.) 


EXPERIMENT I. Acuity in the Peripheral Field, with and without foreknowledge of 
the place where the test object will appear. 


Apparatus. The subject sat with his head against a rest and viewed with his left 
eye a dimly illuminated translucent screen (0-25 ft. L.) at a distance of 20 in. from the eye. 
The field of the right eye was blacked out. A crosswire on the screen formed a central 
fixation point. Behind the screen there was a slide projector with a Compur shutter 
which threw figures (of luminance about 1-3 ft. L.) onto the screen for any desired 
exposure time. Two lights, one about 30° visual angle above the fixation point 
and another the same distance below, illuminated the subject’s left eye sufficiently for its 
movements to be observed through a laboratory telescope. Saccadic movements of 
more than about 2° could be detected by this method; this was described in two of our 
earlier papers (Grindley and Townsend, 1965 and 1966). 


FIGURE 1. 
(a) Single display 


(b) Multiple display 


os oo a Tee 
Scale in visual angle 


Typical displays used in Experiment 1. 
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Display. Two kinds of display were used which we shall call “single” and “multiple.” 
An example of a single display is illustrated in Figure 1a, and of a multiple display in 
Figure 1b. In each case the critical test object was in the form of a T; which could be 
shown in any of four orientations and in any of the four quadrants into which the field 
was divided by the cross-wire. After each trial the subject was asked to state the quadrant 
in which the test object appeared and also its orientation. The verbal code used was a 
simple one about which none of the subjects had any difficulty. Thus the correct answer 
in Figure 1a would have been “2 left” and in Figure 16 “3 up.” In all cases, as illustrated 
in Figures 1a and b, the objects presented were at about 13° visual angle from the fixation 
point. In the case of multiple displays the other objects were always crosses as illustrated 
in Figure 1b and they were all of the same area as the test object, i.e. each object would 
produce the same total change in luminous flux on its own region of the retina. 


Procedure. In the actual experiment the subject was shown a series of 16 slides with a 
single test object followed by a series of 16 slides with competing objects or vice versa. 
He was told that in some trials he would be informed of the quadrant in which the ir 
would appear (and this information was always correct), but he was never told which way 
up the test object would be and he was never given knowledge of his results. In fact in 
both series the number of times that the test object appeared in each quadrant was four, 
and in half the cases the subject was told the quadrant. He was not told beforehand either 
the number of exposures in each series or that the number of times that the test object 
appeared in each quadrant would be equal. None of the subjects appeared to have guessed 
this. Some preliminary trials were given to each subject both with the test object 
exposed alone and also with competing objects. This served two purposes, firstly, to 
allow the subject to know the “code” to be employed in his answers, and secondly, to 
give the experimenters some idea of the exposure time which would enable the subject to 
give answers which were better than chance under each condition, but not 100 per cent. 
correct. In these preliminary trials the subject was not told in which quadrant the test 
object would appear. In most cases it was found that the subject needed a longer 
exposure when there were competing objects than when the test object appeared alone. 

In each trial the subject was asked to fixate the cross and if the experimenter merely 
said “fix” the subject replied “yes” when he was satisfied he was fixated. But if the 
trial was one with foreknowledge, the experimenter would say for example “‘fix 2,” and 
the subject would say “yes” as soon as he was fixated on the cross and when he was 
attending to quadrant 2. One experimenter then immediately released the shutter 
while the other watched the subject’s eye. As far as we could estimate this procedure 
under either condition resulted in a delay of about 1 to 2 sec. between “fix” and the 


exposure. 


Results. It was found in the Single display that the 10 subjects gave a total of 
36 correct judgements out of a possible 80 when they had foreknowledge of the 
drant in which the test object was to appear, while with no foreknowledge they 


qua ae 5 
gave a slightly greater number of correct answers—44. This difference on a Wil- 
coxon test was not significant at any level. In fact in a previous experiment using 


us but with less well controlled conditions there was a slight but 
difference in the opposite direction. 

the results were quite different, namely that with 
e 66 correct responses out of a possible 80, while 
only a total of 35. No statistical test was necessary 
r number of correct answers with foreknowledge 


the same apparat 
quite insignificant 

Using Multiple displays, 
foreknowledge, the subjects gav 
with no foreknowledge they gave 
since all 10 subjects gave a greate 
than without. 


ExpERmMent 2. Acuity with a Simultaneous Attention Signal. 
i ibili hat the results might have been 
In Experiment 1 there was a remote possibility that 
affected ty changes in the adjustment of the eye which we could not detect (see 
Discussion). We therefore did an experiment using an attention signal given 
simultaneously with the brief exposure of the test object or objects. This method 
was similar in principle to that employed by Averbach and Sperling. 
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FIGURE 2 


Chamber 4 


SSS 


for] tt), 


Approximate scale in inches 


Diagram of apparatus used in Experiments 2 and 3. 


Apparatus. The apparatus was a rather complicated tachistoscope employing the 
principle of Maxwellian view and a diagrammatic vertical section is shown in Figure 2. 
The subject sat with his head against a rest (RR) and his right eye looked through an eye 
piece (E) which had an entrance pupil of about 4 mm. diameter. The eye piece embodied 
a crosswire and was focussed so that the crosswire was at infinity. The object glass (L) 
was a photographic anastigmatic lens of 3} in. focal length of F4-5 aperture. Beyond this 
was an aluminium disk (DD) mounted on point bearings and weighted with lead so that it 
had a period of swing of about 1 sec. This disk had a small window (W) which, as it 
passed the object glass (L), gave the subject an instantaneous view (about 0-05 sec.) of 
the objects beyond, After a half swing the disk was automatically caught so that the 
subject did not get repeated exposures. The front of the disk was white and its illumina- 
tion could be adjusted from Chamber 1. The optical system was adjusted so that the 
disk was approximately in the critical Maxwellian position, i.e. so that the subject had no 
impression of movement when the aperture swung across his line of vision. 
the disk was a “‘beam-splitter’” (BS). Through this beam-s 


angled prism (P) the subject 
Chamber 3 was not illuminated 
l window which was used as an 


Display. For simplicity only horizontal and vertical lines wer i i 
x í e used in the display 
and the subject was therefore required to say whether a line in a particular part of the 
visual field was horizontal or vertical. These lines could be shown in any or all of six 
nd b, these positions corresponded to the even 


clock hours (12, 2, 4...). Thus it was possible by changing the cards in the holders 


>, will be referred to for brevity as K trials. Those iD 
struction will be referred to as N trials. Similarly, 
and multiple displays to “M.” For example, 
SN trial, and Figure 36 as an MK trial. 


Procedure. Examples of four types of display SN, SK, to 
the subject and he was given a few practice trials with each eed of display "Tn the aeenal 
experiment he was given a warning “Ready” which meant he was to get his eye into 
position so that when he looked at the fixation cross the rest of the field appeared uniform. 
Then he was told “Fix” and he fixated on the crosswire. At about 1 sec. after this 
instruction the display was exposed. When the trial was a “K” one (Le. when there was 
an arrow at the centre of the field), the subject often reported immediately on what he 
had seen at the position indicated. In an “N” trial, however, the experimenter waited 
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for 2 sec. after the exposures before naming the clock hour about which a report was 
wanted. Thus the correct answer in Figure 3a would be “Two horizontal,” and in 
Figure 3b, “Four vertical.” 
FIGURE 3 
(a) Single display (b) Multiple display 


0° 8° 16° 24 
Scale in visual angle 


Typical displays used in Experiment 2. 


Each session comprised 48 exposures, one vertical and one horizontal in each of the 
six clock hour positions used under each of the four conditions SN, SK, MN and MK. 
All 48 trials were randomized and since the same actual displays were used for K and N 
trials any inaccuracies in their preparation could not cause systematic errors. 

In each trial the subject was instructed to give his answer in the form “horizontal,” 
“vertical” or if he had seen the object but felt doubtful about his answer he was asked to 
add the word “doubtful.” There were also some cases when the subject reported he had 
not seen the test object at all or that he had not the slightest idea which way up it was. 
In these cases we at first asked for a forced guess. But this procedure became rather 
farcical as some of the subjects disliked guessing about objects which they said they had 
not seen at all, and others resorted to such methods as pulling coins from their pocket. 
Quantitative results therefore take into account only the cases where the subject gave an 


unqualified answer. 


Results. The quantitative results, ie. the total number of cases in which the 
subject gave an unqualified and correct answer out of a possible total of 120 were as 
follows: SK 62, SN 61, MK 56. It is obvious that under these three conditions we 
were working very close to the subject’s threshold for acuity, i.e. his total number of 
correct and unqualified answers was very near to the number (60 out of a possible 
120) to be expected by chance guessing. On the other hand if we consider the fourth 
condition MN, the position is very different, for here the total of correct and un- 
qualified answers was only 28, again out of a possible 120, which is significantly 
different by the Wilcoxon test at least at the 0-02 level from each of the other three 
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conditions. The other three conditions compared by the same test showed no 
significant difference at any level. 

There were hardly any cases under any of the four conditions where a subject 
gave an unqualified answer that proved to be wrong, and in the exceptional cases 
when this did occur we attributed it to a slip of the tongue or a mistake in what 
clock hour was intended. When we attempted to take into account the cases in 
which the subject’s answers were qualified by the words “doubtful” or “guess” we 
found that the data were insufficient to allow any satisfactory statistical treatment. 
A striking feature of the subjects’ reports was that under the MN conditions they 
frequently said that they might have seen something at the position named but could 
not remember what it was. Sometimes, however, they were able to remember what 
they had seen in some of the other positions. None of the subjects reported positive 


or negative after images of any of the peripheral test objects even when questioned 
on this point. 


EXPERIMENT 3. Differential Threshold with a Simultaneous Attention S ignal. 


This experiment was intended to find whether similar laws 
luminance thresholds as those which had been indicated in Ex 
thresholds. 


applied to differential 
periment 2 for acuity 


The apparatus and the gencral experimental design was the same as those in Experi- 
ment 2. In this case, however, cards with holes in them were used instead of cards with 
lines. The illumination of the back (B) of Chamber 5 could be varied by an adjustable 
slide so that a punched hole could be seen as a spot either dimmer or brighter than the 
background. The cards were inserted in the holder C3 rather than in Cr. This made 
them slightly out of focus during the exposure so that any imperfections in the edges of the 
punched holes would not be noticeable to the subject. Thus if the subject had focussed 
on the cross wire, the attention indicator (which was identical with that used in Experi- 
ment 2) would be clearly in focus during an exposure but an thing on a c; E 
be slightly blurred. ý i. andat Ga would 
gle spot as in Figure 4a the peripheral spot 
Or 15 per cent. dimmer than the background. 

i A plex and we found it simplest 
c 3 0 i € ower reflectance to the back of four of the 
six holes. Thus in the multiple display illustrated in Figure 4b, the holes at 12 o'clock 


ay e Same as that in Experiment 2 
ngs a? ft P ive i “brig! ri 
dimmer” (i.e. brighter or dimmer than the backend E Ee ees 
Results. The quantitative results were as follows: out of a possible total of 120 
the number of unqualified and correct answers were SK 70, SN 73 and MK 75° 
Under the fourth condition, MN, there were only 30 correct answers; and this is 
significantly different by the Wilcoxon test at the o-or level from each of the other 


conditions. As in Experiment 2 the other three conditions showed no significant 
difference at any level. 


No after images of the peripheral objects were reported, 


Discussion 


the peripheral field is, of course, to t 
William James (1890) remarked . . 


| 
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FIGURE 4 
@ =Spot 15% darker than the background O  =Variable 
’ 
O =Spot 15% lighter than the background --4-- =Crosswire 
i 
Attention indicators=10 ft L. Background=! ft. L. 


(b) Multiple display 


(a) Single display 


0 8° 16° 24 32° 40° 


Scale in visual angle 


Typical displays used in Experiment 3. 


attend to a marginal object whilst keeping the eyes immovable.” Our own experi- 
ments strongly support this observation by James and (in Experiment I) give some 
objective confirmation. We found that many subjects initially made eye moye- 
ments towards the part of the field to which they were asked to attend but after a 
number of practice trials very few such eye movements were observable, though the 
subjects reported that they in fact usually attended as directed. In the few cases 
where detectable eye movements were made, or where the subject reported that he 
was not attending as directed, that particular reading was cancelled. (it was, 
however, repeated later in the run; but the subjects were not told that this would 


happen.) . EN ENE 
i , difficult to give a subjective description of what happens when we 
a ber Professor C. D. Broad said “I know ei I am 
attending to an object on the right of the fixation point Iam doing somet. mp ateen 
from when I am attending to an object on the left. This was about as far as most 
of our subjects would go. Several other subjects, including two who described 
themselves as “hardboiled behaviourists.” said they could obey the instructions but 

Other subjects, including some 


i ture of attention. ng sor 
a enai ere 1 basis of attention was the sensitization 


who thought it possible that the physiologica 
of some ce of tha retina or visual pathway, were usually able to say whether or not 
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they were attending as instructed during a particular trial. In general we found no 
evidence that a subject’s preconceived views on the nature of attention had any 
influence on his results. The important point is that all the subjects said that they 
understood the instructions and were all able to say after (or during) a session whether 
they, in fact, obeyed the instructions. 

The main conclusion from our experiments is that when attention is directed to 
one part of the peripheral field it has little or no effect on the visibility of a single 
test object (tachistoscopically exposed) in that position. If, however, other objects 
are exposed simultaneously in other parts of the peripheral field the effect of attention 
is very striking. This seems to be true even when all the objects concerned are near 
to threshold value. 

In Experiment 1 (where foreknowledge of the position of an acuity test object 
could be given) we had a rough check on eye movements. In view of earlier work on 
the variation on acuity with eccentric angle (Mendelbaum and Sloan, 1947) it seems 
unlikely that an eye movement too small for us to detect would have had much effect 
on our results. It was also pointed out to us by Professor Matthew Alpern that when 
one is instructed to attend to something there can be involuntary changes in accom- 
modation and pupil size which might affect our results. We had no objective check 
on these but the fact that with a single test object, the instruction to attend to 4 
particular position had no significant effect on the accuracy, strongly supports the 
view that none of these changes (eye movements, accommodation or pupillary 
responses) had much influence on the results. 

We did not do a parallel experiment on the effect of foreknowledge of the position 
of the test object on luminance thresholds (because of the eheious technical com- 
plexities of arranging a display in which there could be tachistoscopically presented 
objects either brighter or dimmer than the background, and which would yet allow 4 


) y 
control of eye movements). There 1S, ho wever, an experiment by Mertens (195 ) 
whi at in the case of single stimu’ resented in t S Wi ore cnowledg 
ch indicates th: t th f Ble sti: li nd 

P: his way forek 


Ee mii This is similar to our own results for acuity (in 


result in an increased scatter 
It is very difficult from psy 
paper to draw any conclusions 


effect. The results of Experime 
Sperling, 1960) that this kind o 
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trace of the stimulation. It therefore seems most profitable to consider the question 
of attention in peripheral vision as one of the filtering of the available information 
from a short-term information store as has already been suggested by Averbach and 
Sperling (1960). This concept of the function of attention is, of course, not new. 
It has been discussed at greater length and in other contexts than that of peripheral 
vision e.g. by Broadbent (1958) and Deutsch and Deutsch (1963). 

We have in this paper discussed only some of the conditions under which attention 
to a part of the peripheral field has a “positive effect,” i.e. makes perception clearer. 
There is, however, some evidence, e.g. by Babington Smith (rg6ra and b) that 
prolonged attention to a peripheral object causes the reverse effect, i.e. it causes the 
object to disappear more rapidly than other objects in the field. We have confirmed 
some of these results and hope to describe our findings in a later paper. 


We should like to express our thanks to Professor O. L. Zangwill for encouragement, 
and to the Medical Research Council for a personal grant to one of us (V.T.) and for an 
apparatus grant. 
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CROSS-MODAL INDUCTION OF CHANGES IN 
SENSORY THRESHOLDS 


BY 


GAIL R. HARDY* and D. LEGGE 
From Department of Psychology, University College London 


Two experiments are reported in which subliminal stimulation of one modality with 
emotional material impairs detection performance in a different modality. In the first 
experiment the visual awareness threshold for neutral material was raised by simultaneous 
auditory presentation of emotional words. This result Supports the hypothesis that 
threshold changes induced by emotional stimulation are mediated centrally. In the 
second experiment a similar effect was obtained when the experimental roles of the two 
modalities were reversed. An analysis of the effect in terms of the parameters of Signal 
Detectability Theory indicates that it is mediated by a lowering of the sensitivity of the 
detection mechanism. This may be caused either by attenuation of incoming signals, or 
by an increase in the level of “noise” against which the signal is received. 


INTRODUCTION 
The term “perceptual defence” may be taken to 


was higher for emotional words than for neutral 
subject to much valid criticism ; for example, that subjects might suppress verbalizing 
“taboo” words, or that Tecognition threshold would vary according to the subject’s 
familiarity with words (which, presumably, would be greater for neutral words). 

adopted more sophisticated tech 


words. This type of design was 


i ; Eriksen, 1954; Singer, 1956; McConnel, Cutler and 
McNeil, 1958; Klein, 1959) and interpretation (Luchins, 1950; Rosenstock, 1951; 


collaterals from the sense organs to the reticular system. 


* In receipt of a Science Research Council Postgraduate Studentship, 
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(2) When the reticular system is depressed by anaesthesia, arrival of visual 
signals at the cortex may still be detected under conditions which would 
preclude their conscious reception. 


These facts led Dixon (1962) to suggest that the raising of thresholds for emotional 
stimuli might stem from a lack of cortical arousal resulting from depressed reticular 
activity following cortical discrimination of the stimulus. 

If this is the case, depression of the reticular system should have a general effect 
in raising thresholds not only of the specific modality stimulated, but of other 
modalities also. 


EXPERIMENT I 


The first experiment reported here was designed to test the hypothesis that 
emotional stimuli presented auditorily below the awareness threshold will produce 
higher awareness thresholds for neutral visual stimuli than will neutral auditory 


stimuli. 


Method 

Visual awareness thresholds for neutral stimuli were measured during concurrent 
subliminal auditory stimulation with either emotional or neutral words. Subliminality 
was achieved by recording the stimulus words on one track of a stereophonic tape, whilst 
“white noise” was recorded on the other track. Independent adjustment of the volumes 
of words and white noise permitted the auditory stimuli to be presented at approximately 
the same number of decibels below threshold for each subject. s 

The visual awareness threshold was measured for two stimuli ; the inverted mirror- 
image of the word “bridge” in small type, and a solid rectangle of light. Visual thresholds 
were estimated by the Method of Limits, using descending trials only. Auditory presenta- 
tions began immediately prior to each threshold assessment, and did not cease until the 
threshold had been recorded for that trial. 


Subjects 


There were 16 subjects in this experiment, eight male and eight female, all of whom 
were laboratory staff in the Department of Anatomy, University College London. 


Apparatus 

The subject sat in a cubicle wearing earphones and facing a small translucent screen. 
The earphones relayed the auditory stimuli from a stereophonic tape-recorder wired so 
that each ear-piece received transmission from both tracks, Background illumination 
of the screen was provided by a projector behind the screen, The visual stimuli were 
photographic negatives projected by means of a second projector. The intensity of the 
visual stimuli was controlled by means of a calibrated polaroid filter placed in front of 
this projector. The filter was operated manually by the experimenter, and its calibra- 


tions were used in measuring thresholds. 


Selection of auditory stimulus material 
Twelve “emotional” and 12 “neutral” words were chosen fairly arbitrarily by the 
ie Se a d these 24 words were presented orally in random order to 50 non- 
echoes T nbj cts. These subjects were asked to rate each word for emotionality 
oe penta ae Subsequently, four words of each type were selected which 
received consistently high or low emotionality ratings. 
The words chosen were: 


Emotional (E) cancer, danger, failure, orgasm 
Neutral (N) cattle, tanker, letter, dell. 


Procedure ; : a 

An atm was made to sou pile ea Ee idee pon 
Senting two words from a given class (i.e. E or N) on each na eono m ae ee 
alternately, Since there were four words in each class, there 
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words in each class giving a total of 12 auditory conditions. For each auditory condition 
there were two possible visual stimuli—the solid rectangle (R) and the word (W), making 
a total of 24 experimental conditions. Each subject was tested under every condition, 
performing 24 trials. as : i 7 
Each subject underwent the 24 trials in a different random order. Since the various 
tape-recorded auditory stimuli were identified by random code numbers, and randomly 
situated on the tape, the experimenter was totally unaware of the nature of the auditory 
stimuli being presented to the subject during the experiment. In this respect a “double- 
blind” procedure obtained. The 24 trials were presented in four blocks of six trials with 
a 2-min. rest between blocks. Each block was preceded by a reassessment of the sub- 
liminality of the auditory stimuli. The alphabet was recorded at the beginning of the 
tape in the same voice and at the same intensity as the experimental auditory Stimuli, 
Before each block of trials, this piece of tape was played to the subject and the volume o; 
the “voice” track was gradually increased until the subject reported irregularity of the 
white noise—a phenomenon found to precede detection of the presence of the voice. The 
“voice” track intensity was then reduced until the irregularity ceased, and auditory presen- 
tations in the following block of trials were made at this intensity. 
In order to discourage the subject from imagining the presence of a visual stimulus, 


two dummy trials, on which no visual stimulus was presented, were randomly situated 
among the experimental trials. 


The subject was informed in his instr 
the effects of different noises on concent 
possible. Two practice trials precede 
visual stimulus was taken as the setti 
the disappearance of the stimulus. 


After all experimental trials had been completed, the subject was asked to describe 
the noise that he had heard during the experiment. 


uctions that the experiment was concerned witb 
tation, and was told to ignore the noise as far aS 
d the experimental trials. The threshold for the 
ng of the polaroid filter when the subject reporte 


Results and discussion 


No subject reported hearing anything other than the white noise, which was 
frequently described as “a rushing noise.” 
The mean threshold, in arbitra: 


L ry units, for each condition, averaged over subjects, 
is shown in Table I. 


TABLE I 
AVERAGE VISUAL AWARENESS THRESHOLDS, IN ARBITRARY Units, ror EITHER AN 
INVERTED, REVERSED WORD OR A Sord REC 


TANGLE DURING CONCURRENT EMOTIONAL 
OR NEUTRAL AUDITORY STIMULATION. (EXPERIMENT 1) 


Auditory stimulation 
ee 


Visual stimulus 


Emotional Neutral 
erara 
Word avs ae ie Be = < 
Rectangle . . are És 348 eR 


ee a 


Almost all subjects showed a rise in threshold for emotional stimuli under both 
visual conditions. The results of 


mala an analysis of variance of these data are shown in 


Both the emotionality of the auditory stimulus and the nature of the visual 
stimulus produced significant effects on visual thresholds. There was no interaction 
between these factors. 

The large significance of the visual effect reflects the fa 
higher thresholds for the “rectangle” 
probably related to the fact that the ‘ 


ct that all subjects had 
than they did for the “word,” a phenomeno? 
‘word”’ presented a considerably greater length 
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TABLE II 
SUMMARY OF ANALYSIS OF VARIANCE OF THRESHOLD SCORES. (EXPERIMENT 1) 


Source SS: d.f. M.S. F Sig. level 
Between subjects .. ae 6:95 15 
Within subjects 
Visual i š sa| 5072 I 31:72 25585 0005 
Auditory .. oe aA 2:28 d 2:28 18-39 0-001 
Vis. x aud... = -| 0°07 I 0:07 <I N.S. 
Residual .. oh aa 5°57 45 012 
Total ag a -| 46°58 63 


ae a, Č 


of contour than did the “rectangle.” The major concern of this experiment is, 
however, with the significance of the auditory effect ( < 0-001). 3 

The awareness thresholds for both types of neutral visual stimulus were higher 
during subliminal auditory presentation of emotional words than during subliminal 
auditory presentation of neutral words. The technique of measuring the awareness 
threshold for non-emotional stimuli avoided some of the problems that beset early 
experimenters in the field of perceptual defence; however, there are one or two aspects 
of the method used that require comment. 

No attempt was made to match the neutral and emotional words for their fre- 
quency of occurrence in language, but this is unlikely to have produced the threshold 
changes observed, since subjects were never required to recognize these words. The 
assessment of whether or not the auditory stimuli were subliminal was dependent 
upon the honesty of the subject during the assessments preceding each block of trials. 
Whilst this is unfortunate, there is no obvious reason to doubt the honesty of the 
at particularly since they were not aware that words were available for them 
to hear. 

Whatever importance is attached to these possible artefacts, it seems clear that 
the results of this experiment were caused by some interaction between the emotional- 
ity of subliminal auditory stimuli and visual perception. In view of the cross-modal 
nature of the effect, it seems likely that some central mechanism is involved; in 
particular the results are compatible with the suggestion that depression of the 


reticular activating system is the mechanism responsible for threshold change in 


response to emotional stimulation. 
On consideration of the possible theoretical implications of the results of this 


experiment, a second experiment was designed to see whether this cross-modal effect 
could be reproduced when the experimental roles of the two modalities were inter- 


changed. 


EXPERIMENT 2 
ment, the emotional and neutral stimuli were presented 
was to detect a faint neutral auditory stimulus. 
imple detection task, it seemed appropriate to 
ameters of Signal Detectability Theory 
r and Birdsall, 1955; Swets, Tanner and 


In this second experi 
visually, whilst the subject’s task 
Since this constituted a relatively s 
examine performance in terms of the par 


ets, 1954; Swets, Tanne , } 
a 1 a9 Sed ain parameters of this theory are d’, which may be 


regarded as a measure of the sensitivity of the detecting system, and B, which defines 


the subject’s bias, or criterion, for making particular responses. 
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In the present experiment, a comparison of changes in d’ with changes mn B 
should enable a distinction to be made between two different central a 
which might underlie the phenomenon of perceptual defence. If the value of a 
was lower during emotional stimulation than during neutral stimulation, this wou 
indicate that emotional stimuli raised detection thresholds by somehow reducing 
the sensitivity of the detecting system. On the other hand, if the subject's pao 
(B) was higher during emotional than during neutral stimulation, this would indica e 
that emotional stimuli raised detection thresholds by somehow decreasing the 
subject’s “willingness” to report the presence of a signal (this does not necessarily 
imply conscious participation). , ‘a 

The aim of this experiment was to test the hypothesis that the awareness thresho i 
for neutral auditory stimuli will be higher during simultaneous presentation O 
emotional visual stimuli than during presentation of neutral visual stimuli, when the 
visual stimuli are presented subliminally. 

Should such an effect be detected, the experiment was desi 
the effect is due to a change in the “sensitivity” 
change in the subject’s bias towards making cer 


gned to show whether 
of the perceptual system (d’), or to & 
tain responses (£). 


Method 
Estimates of subjects’ performance in terms of the Signal Detectability Theory para- 
meters, d’ and ĝ, were obtained using the rating scale method (Egan, Schulman an 


Greenberg, 1959). The subject was required to rate on a four-point scale his confidence 
that an auditory signal had been presented during a time interval in which sublimin 


visual presentations of “emotional” or “neutral” words were made. 

The auditory signal was a 1,000 cycle per sec, t 
trials, over a continuous background of white noise. 
“emotional” and four “neutral” 


The tone was always presented during the last half 
n order to give the subject time to be affected byt 


this dual presentation of 
alone was presented for half a second as a warning 

signal. 
Each trial followed the la: 
Each of the eight stimu 
eight times in all, four of th 
and the other four on “nois 
trial, there was a total of 6 
There was a 5 


St automatically, and the length of each trial was 18 sec. 


lus words (four emotional and four neutral) was presented 


ese presentations being on trials when a signal was presente, 
e only” trials. 


: Since a stimulus word was presented on every 
4 4 trials, presented in a different random order to each subject 
-min. rest-break half way thr 


ough the sequence. 
Selection of visual stimuli 


Four words were selected for each category (emotional—E; and neutral—N) in a 
attempt to counteract any reduction in the effect of the E words on the subjects, whic 


might occur if the same sti and also to provide a partia 
control for individual diffe: 


words were those used in 


E: failure, cancer, orgasm, danger 
N: feature, fencer, plasma, gander. 
A neutral test word, “finger,” was also used. 
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Subjects 
There were 14 volunteer subjects in this experiment, seven male and seven female, all 
of whom were students at University College London. 


Apparatus 

The subject sat wearing earphones and facing a small translucent screen, with his head 
supported by a chin rest. The entire area around the subject was enclosed by drapes, to 
prevent him from inducing peripheral changes in his visual threshold by fixating differenti- 
ally illuminated parts of the room. 

Three projectors provided (a) background illumination of the screen, (b) the rectangle 
of light, and (c) the word stimuli. These stimuli were in the form of photographic nega- 
tives of the words printed in block capitals, their intensity being varied by the use of 
Ilford Neutral Density Filters. The light intensity of all three projectors was kept 
constant using a stabilized power unit. 

The auditory signal was generated by a Peters Audiometer whilst a separate generator 
provided white noise. Both white noise and tone were presented binaurally through 
ear-phones. 

The sequence of events on each trial (described in Method) wi 
using nine process timers. 


as controlled automatically 


Procedure 
The subject was instructed to put on his earphones (through which white noise only 
(cf. Cornsweet, 


was presented), and the “staircase” modification of the Method of Limits r 
1962) was used in conjunction with Spearman's Summation Method to determine the 
intensity of the test word stimulus corresponding to a probability of detection of 0-3. 
The “staircase” was continued until 15 reversals of judgement had occurred, after which 
the inverted mirror images of the four N stimuli were used to ensure that the slight varia- 
tions in the amount of light transmitted by different words did not produce gross changes 
in detection threshold. All experimental presentations of stimulus words were made at 
this intensity. 

Whilst a probability of detection of 0-3 may appear to be rather high for a stimulus 
that is intended to be subliminal, at this stage of the experiment the subjects “undivided 
attention was given to detecting the presence of the word, whereas, during the actual 
experiment, his primary task was to listen for auditory signals. 

The intensity of the auditory signal corresponding to a probability of detection of 0°5 
was determined, again using the “‘staircase’”’ method. 

The subject was then instructed in the use of the four-point rating scale (‘‘1”” represent- 
ing the greatest confidence that a signal had been presented), and the entire procedure 
was demonstrated to him, although no stimulus words were presented. The subject 
made his responses verbally before the end of each trial. The experimental trials were 
preceded by six practice trials, to enable the subject to practice using the rating scale 
appropriately. . 

At the conclusion of the experimental trials, the subject was asked whether or not he 
thought there had been any words on the screen during the experiment. 


Results and discussion 
One subject was confiden 
therefore she was replaced. 
words had been presented, ae à 
i in the analysis. e 
e E o ng T j led, and the conditional probabilities of 


j were poo. r 
The data from all subjects “ : and of reporting a signal when it was 


i ional when it was present P(Y/S) 
ateent B(Y/N) were calculated. A plot of P(Y/S) against P(Y/N) on normal- 


= sas “gional + noise” distribution had a slightly 
robability axes indicated that the “signa nO : 

one er te than the “noise” distribution. This difference was taken account 
by determining both d’ and B in terms of the standard deviation of the ie 
distribution. The plot of the pooled data of all subjects yielded a value of d’ during 


t that words had been presented on some trials, and 
Two subjects expressed doubt as to whether or not 
ince neither was at all confident about this, their 
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neutral visual stimulation of 1-73 SD units, and 1-07 SD units during emotional 
i imulation. 
goo = of d’ under emotional and neutral visual stimulation = 
compared for individual subjects, 12 out of 14 subjects showed smaller values of 
during emotional stimulation (p < 0-01, using a sign test). ; 
When a confidence rating scale is used, values of £ can be assessed at each transi- 
tion between confidence ratings, each calculated value representing a different degree 
of caution (Egan, Schulman and Greenberg, 1959). In the present experiment, T 
calculation of Ps for individual subjects was hampered by the fact that subjects di 
not always use the extreme confidence ratings. This makes it necessary to es 
calculations of f on estimates of the probability of a response in a category in which 
no response was made. In view of this difficulty, 


Ps were calculated for the pooled 
data of all subjects, obviating the necessity for estimation. These values are shown 
in Table III. 


TABLE III 
LIKELIHOOD Ratios ror THREE IMPLICIT 
WITH WHICH EACH OF Four CATEGORIE 
AUDITORY DETECTION Task. 


CRITERIA COMPUTED FROM THE FREQUENCIES 
S OF CONFIDENCE RATING WERE UsED IN AN 
THE DATA HAVE BEEN ACCUMULATED OVER 14 SUBJECTS 

(EXPERIMENT 2) 


Criteria 
——<———— 
ee 
Concurrent visual stimulation = 2 S 
boa H o 
Neutral F te = ae 6.78 1:60 0'40 
Emotional .. ran ne ane 


3°45 | 1:37 0-60 
—— ae) ee 

The likelihood ratios of the criteria used during emotional stimulation at 
“telescoped” compared to those used during neutral stimulation, Changes in False 
Positive Rate (FPR) under the two visual conditions indicate that the positions © 
decision criteria with Tespect to the mean of the noise distribution (i.e. Xe) 
changed, FPR being highest during emotional stimulation. 

The observed reduction in d’ during emotional stimulation indicates a decrease 
in the sensitivity of the perceptual mechanism due to simultaneous stimulation wit 
emotional visual stimuli. 

The observed changes in the likelihood ratios and FPR’s of the three criteria are 
not necessarily due to an effect of concurrent emotional stimulation on the decisio? 
making mechanisms, 


obtaining during concurrent emotional visual stimula- 
ect of that stimulation 


n the decision axis corresponding to 8 =z, A reductio” 


se two distribution 
towards this central datum point. 
basis of values on the decision axis 
change. 
The likelihood ratio at a 


od ratio point on the decision axis ¢ SD units from the inter- 
section of the distributions is given by the height of the signal -+- noise distributio” 
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divided by the height of the noise distribution. Since the distributions intersect at 
a point d’/2 units below the mean of the signal + noise distribution and d’/2 units 
above the mean of the noise distribution. 
B = e7 tth- /e, 7t ht oF 
= e?" 
and loge B = d'c. 


If d'ə changes to a new value, d’;, the new likelihood ratio corresponding to a 
point c units from the intersection of the distributions is given by 


a 
loge fı = T, loge Bo 


An estimate of the probability of a false positive response, and hence an estimate 
of FPR, may be obtained from tables of the normal distribution function after 
calculating the distance along the decision axis of the criterion from the mean of the 
noise distribution. This distance, x, is given by 


os, a’ 
Sa ae 
ee E 
nek 2 


This procedure was used to predict the likelihood ratio and FPR for each of the 
three criteria during concurrent emotional visual stimulation and these are shown in 
Table IV together with the observed values. 


TABLE IV 
LIKELIHOOD Ratios AND FAatsE Positive RATES OBSERVED DURING CONCURRENT 
EMOTIONAL VISUAL STIMULATION, AND PREDICTED FROM PERFORMANCE DURING NEUTRAL 
VISUAL STIMULATION ASSUMING S’s ADOPT A PARTICULAR DECISION STRATEGY 


Likelihood ratios False positive rates 
Observed i 
Observed Predicted (median) Predicted 
I 3°45 3°27 o 0-78 
2 1'37 1'34 4 3'21 
0-60 0°57 8 717 


a S 


imilari ved to the predicted FPRs was assessed for each of the 
PRL capes beak gs No significant differences were detected. For the 
most cautious criterion six of the 14 subjects produced FPRs greater than the pre- 
dicted value. A similar partition was found for the central criterion. For the 
least cautious criterion eight of the 14 subjects FPRs exceeded the Lees value. 
None of these partitions of subjects are statistically significant. t ge be oe 
cluded, therefore, that the observed changes in likelihood ratios z a meee 
accounted for by this model and it is a a any direct effect of emo- 

i i i ion on the decision-making fs 

saa one gene does not exclude the possibility ne the i 
emotional visual stimulation affected the likelihood ratios of the decision criterion 
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directly, a satisfactory and parsimonious explanation of the changes in these likeli- 
hood ratios has been obtained simply by considering the consequences of the reduc- 
tion in the sensitivity of the detection mechanism (d’). 


Discussion 


Both experiments indicated a decrease in the sensitivity of one modality to 
neutral stimuli during simultaneous subliminal stimulation of another modality with 
“emotional” material. In the first experiment this decrease in sensitivity was 
detected as a rise in awareness threshold for a neutral visual stimulus during emo- 
tional auditory stimulation, and in the second experiment (in which the experimental 
roles of the modalities were reversed), an analysis of the results in terms of the 
parameters of Signal Detectability Theory showed a statistically significant decrease 
in d’ during emotional stimulation. 

“Telescoping” of B values occurred during emotional stimulation but this may 
simply reflect the type of strategy which the subject adopts to re-establish his 
criteria when d’ decreases. A similar phenomenon has been observed in experiments 
in which d’ was decreased by dividing the subject's attention between two tasks 
(Broadbent and Gregory, 1963; Craik, 1965) and it seems possible that a similar 
explanation to that adopted here may be appropriate. It is tempting to extend the 
analogy between the two experimental situations, and to suggest that the decrease in 
d’ during emotional stimulation is caused by division of attention between the tw 
modalities, and that the phenomenon of “perceptual defence” merely reflects the fact 
that emotional stimuli are more distracting than neutral stimuli. Such a suggestion 
is untenable, however, because it provides no explanation for the many demonstra- 
tions of “unimodal” perceptual defence (cf. Brown, 196r). 

The observation made in the second experiment that d’ decreases during ‘‘cross- 
modal” emotional stimulation strongly suggests that perceptual defence is a central 
rather than peripheral effect, in which the sensitivity of the detection mechanis™ 
decreases. The combined techniques of making emotional presentations subliminally, 
and measuring detection performance for a neutral stimulus presented in a different 
modality, make it highly unlikely that the observed changes in performance were? 
caused by Tesponse suppression, and the nature and extent of the changes in 
support this view. It remains possible, of course, that this finding is peculiar to this 
experimental procedure, in which the subject was deliberately deprived of any 
obvious basis for making criterion changes: at any rate it is apparent that “ erceptual 
defence” is more than a change in criterion. i 
i E oe of the detection mechanism, implied by the reductio” 
ae pat ità Dixon's suggestion that perceptual defence might result fro™ 
e eased co ical arousal caused by depressed reticular activity following cortic 

liscrimination of the stimulus. Such a mechanism would indicate a general attenua- 
tion of signals teaching the cortex, and, in terms of the parameters of Signal Detectabil- 
ity Theory, would induce a fall in d’ by reducing the general level of cortial activitY 
associated with the “signal + noise” distribution. Another possibility is that the 
reception of emotional stimuli in some way increases the level of pres “noise,” 
thus partially masking incoming signals. Such a mechanism would, theoretically» 
produce an identical decrease in d’, and it is doubtful whether it is possible to make 
any distinction between these mechanisms using the usual signal detection procedures. 
The issue is complicated further by the fact that the effects of an ireas in “poise” 
upon the reception of a signal are likely to vary according to the “absolute” level of 
noise, and the optimal level of arousal associated with the particular task. 
satisfactory answer to these problems must await the results of further experiments: 


| 
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THE EFFECT OF STIMULUS AMPLITUDE ON THE 
THRESHOLD OF FUSION OF PAIRED FLASHES 


BY 


P. H. VENABLES and L. A. WARWICK-EVANS 
From the Department of Psychology, Birkbeck College, London 


Four experiments are described in which the threshold of fusion of paired flashes was 
measured. The intensity of the single flashes making up the pairs was varied independ- 
ently. The results showed that when the first flash of the pair was the more intense, the 
threshold of fusion increased linearly as the difference in the log intensity of the two 
flashes. A proposal put forward to explain the results suggested the ‘‘noise’’ created by 
the first flash of the pair has to dissipate to a critical extent to allow the “signal” arising 
from the second flash to be detected. 


INTRODUCTION 


In a series of experiments, Horn and Venables (1964) showed that the threshold 
of fusion of paired light flashes was increased when a shock or a click stimulus was 
presented in the period from o to 400 millisec. before the first of the light flashes an¢ 
that the amount of increase in the threshold was related to the intensity of this 
preceding stimulus. A possible explanation for these results is that “noise” iS 
generated by the foregoing click or shock stimuli and that this is added to the disturb- 
ance which is created by the first of the flash stimuli. If the reason why a secon 
stimulus cannot be detected immediately after one which precedes it is, that some 
time has to elapse for the “noise” which is produced by the first stimulus to decay 
before the second stimulus can be detected, an increase in this “noise” will increase 
the delay which is required before detection. To test the implications of this mode 
a series of experiments were carried out in which the magnitude of the first an 
second stimulus of a pair were independently varied. Predictions stemming from 
the model above could thus be tested. They were (a) that the threshold of fusio® 
of paired stimuli should increase as the size of the first stimulus of the pair is increase! 
(0) the threshold of fusion should increase as the size of the second stimulus § 
decreased in magnitude. 

i While there is little difficulty in directly testing these predictions some ambiguity 
arises from the statement of the theory on which they are based. Asking the subject 
to teport whether he sees one flash or two flashes, is not strictly the same as asking 
him to report whether or not he “detects the presence of the second flash.” The us? 
of the word “detect” might imply that signal detection procedure should be used and 
it would follow that a “no-signal” condition should be used in which a single flash # 
presented. If this is done, however, the single flash is clearly distinguishable from # 
double flash with any value of inter-flash interval because of the difference in energy 
content. It is most profitable to view the present experiments in the light of physio- 
logical data, such as that of Lindsley (1957), where two flashes at 50 millisec. intet 
flash intervals gave rise to only a single evoked potential in the optic cortex in MOP” 
key, or where using averaged evoked potential techniques in man (Donchin, Wicke 
and Lindsley, 1963), suggest that two visual stimuli are only perceived separately 
when accompanied by average evoked potentials which do not overlap. Similarly, 
Vaughan and Costa (1964), report that the appearance of two evoked potentials in the 
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visual cortex parallels the subjective experience of perceiving two flashes. Thus in 
the present context, if a first flash gives rise to an evoked potential response whose 
size and duration are dependent upon the intensity of the stimulus eliciting them, then 
it is possible for the evoked response resulting from a small second stimulus close in 
time to the first stimulus, not to be sufficiently clearly separated from the first evoked 
potential for the second stimulus to be separately perceived or detected. 


METHOD 


Pairs of impulses, the interval between which was accurate to the nearest 1-0 millisec. 
in the case of visual stimuli, and the nearest 0-1 millisec. in the case of auditory stimuli, 
were produced by a crystal controlled sequence timer (‘‘Digitimer’’ Devices Ltd.). 
Pulses from this timer were independently amplified. In the case of visual stimuli 
pulses r-o millisec, in length were applied to the grid of a cathode ray tube (Ferranti 
CL66). This tube has a phosphor which produces a subjectively white source of light, 
and has a decay time which ensures that the light flashes are a close approximation in 
shape to the electrical events which produce them. A circular patch in front of the tube 
face was viewed binocularly from a distance of 4 ft., the size of the patch resulted in a 
visual angle of 1-4°. A fixation patch was provided by edge illumination of a clear 
plastic block placed in front of the tube face. The fixation patch thus occupied the same 
position as the flash source. The intensity of this fixation patch was 0-02 foot lamberts. 
The experiments were carried out in a completely darkened room in which the subjects 
sat for 4 min. before testing began. In the case of auditory stimuli the pulses from the 
amplifier were each o-1 millisec. in length and were applied to both earpieces of a pair of 
moving coil headphones; the amplitude of each pulse could be varied independently. 
In the description of each experiment the intensity of each stimulus making up a pair is 
expressed in terms of its log intensity value, in the case of visual stimuli these are given in 
log foot lambert units, and in the case of auditory stimuli in terms of log voltage across the 
headphones, a measure which is linearly related to a decibel scale of loudness if a linear 
response can be assumed for the headphones. In the case of visual stimuli the intensity 
of the light flashes were measured by a silicon photocell which was itself calibrated by 
means of a photometer. 

The subject was required to press a key once if he perceived one stimulus, or twice if 
he perceived two stimuli. In no case was a single stimulus ever presented to the subject, 
examples of “one” stimulus were given by presenting two stimuli with a substantially 
sub-threshold inter-stimulus interval, and of “two” stimuli by pairs of stimuli separated 
by long intervals at which all subjects report “‘twoness.’”’ Detection of “‘twoness’’ using 
the cue of brightness was thus minimized. The threshold of fusion was determined by the 
following technique which was previously described in Horn and Venables (1964). A pair 
of stimuli with a long inter-stimulus interval (ISI) was presented; if the subject pressed 
the key twice stimuli with a short ISI were presented; if the subject then pressed once the 
procedure was repeated with a decreasing range of ISI until two ISI about 1 millisec. 
apart were reached. Stimuli at these ISI were each repeated twice, and if the response 
n was maintained the ISI at which the subject pressed once was taken as the 

The following sequence is from a typical two flash threshold record: 100-2; 
50-1; 90-2; 60-1; 70-1; 80-2; 70-1; 75-1; 78-2; 75-1; 76-1; 76-2; 75-1; 75-1; 76-2; 
75-1; 76-2. Threshold 75 millisec. As the reliability of such a short procedure might 
be in doubt an experiment was carried out in which the thresholds of 58 subjects were 

i i iods 4 min. apart. A coefficient of 0-96 was obtained. 
determined in two periods 4 dent d staff of Birkbeck Coll h 

Subjects in all experiments were students and staff of Birkbec. ege whose ages 

ranged from 18 to 40 years. 


patter! 
threshold. 


RESULTS 
Experiment t. In this experiment three intensities of flash were used. These 
were 1:0, 2:0 and 2:5 log foot lamberts. These three intensities of flash were used in 
pairs in the following six combinations: 2°5-2°5; 2:5-20; 2°5-I'0; 2°0-2'5; I-0-2°5; 
2*5-2:5. These combinations of pairs of flashes were presented to twelve subjects 
in the order of the letters in the rows of two Latin squares, and the threshold of 
fusion for each pair combination was found. The mean threshold of fusion for each 


type of pair combination is given in Table I. 
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TABLE I 
THRESHOLDS OF FUSION OF Pairs OF FLASHES IN SIX INTENSITY COMBINATIONS 


EXPERIMENT I 


Intensity combination | | 
First flash-second flash | 
Log ft. lamberts ..| 2°5-2°5 | 2°5-2°0 | 2°5-1°0 


| 
2:0-2°5 | 1'0-2°5 2°5-2°5 


94°8 77:3 


Threshold, millisec. s 763 | rors | 1317 | 84:0 
| 


Error variance .. 


Overall analysis of variance showed that there was a significant difference between 
these thresholds (F = 16-2, p <o-oo1, d.f. 5/45). Subsequent ¢ tests showed that 
the thresholds for the following intensity pairs were significantly different: 2°5-2'5) 
and 2:5-20 (p <0°05) ; 2°5-2:0 and 2:5-1-0 (p <0-01) ; 2-5-2-5 and 2:5-10 (p <0:001): 
The following intensity pairs did not, however, produce significantly different 
thresholds: 2-5-2:5 and 2-0-2:5; 2:0-2:5 and 1-0-2:5; 215-215 and 1:0-2°5. This 
experiment demonstrated that there was a very large increase in threshold when the 
second stimulus had a smaller intensity than the first. The data suggested that 
decrease in the intensity of the first flash also raised the threshold, this trend was not» 
however, significant. It was thought possible that this effect might be due to the 
decreased visibility of the first flash rather than to its effect in combination with a 


second more intense flash. The next experiment was therefore performed to investi- 
gate this possibility. 


Experiment 2. Two levels of flash intensity in four combinations (2+5-2'5; 1'07 
1:0; 2:5-10; I1:0-2-5) were used to test, first whether a low intensity of the first flash 
caused a significant rise in threshold and second, whether this rise would be, 4° 
expected, dependent on the difficulty of perceiving the first flash alone. If the 
intensity of first flash alone were responsible then the thresholds for the 10-10 an 
I-0-2°5 conditions would not be expected to be significantly different. Eight subjects 
took part in this experiment; the combinations of stimuli were presented in the order 


of the rows of two Latin squares. The mean thresholds found in each condition a° 
shown in Table II. 


TABLE II 
THRESHOLDS OF FUSION OF Pairs OF FLASHES IN Four INTENSITY COMBINATIONS 


EXPERIMENT 2 
Intensity combination 


First flash-second flash 
Log ft. lamberts 


2°5-2°5 2°5-1-0 I*O-1'0 r:0-2'5 
Threshold, millisec. .. ge 67:2 132°5 81-1 752 
Error variance .. ee m 76-0 | 


eee eae eee TS E 


Overall analysis of variance showed that the thresholds given to the set of four 
combinations of intensity differed significantly (F = 92-0, p <o-oo1, d.f. 3/12): 
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j Experiment 4. The previous € 
| intensity was of marked importance 
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The difference in threshold for the 1-0-1-0 and the 1-0-25 conditions was not signifi- 
cant (t = 0-9); neither was that between the 2:5-2'5 and I-0-2:5 conditions (t = 1*3). 
The small but consistent increase in threshold shown when the first flash has a lower 
intensity than the second is not significant in either the first or the second experiment 
due possibly to the use of a sample of insufficient size. The effect is akin to “back- 
ward masking,” but has not been pursued further in the succeeding experiments. 


Experiment 3. The previous experiments showed that as predicted from the model 
presented in the introduction, the threshold of fusion increased as the intensity 
of the first flash increased and the threshold increased as the intensity of the second 
flash decreased. These two statements may be re-expressed as one by saying that 
the threshold of fusion is increased as the difference in intensity between the two 
flashes is increased when the first of the two flashes is more intense. A third experi- 
ment was carried out with three intensities of flash used in seven combinations of 
intensity. These combinations of intensities in log foot lamberts were: 2°5-2°5; 
25-20; 2:5-I°5; 2°5-1'0; 2°0-1°5; 2°0-1'0; I*5-1°0. Fourteen subjects took part in 
this experiment, and were presented with pairs of stimuli for which the thresholds 
were determined in the order of the rows of two Latin squares. The mean threshold 


of fusion for each intensity combination is given in Table II. 


TABLE III 


THRESHOLDS OF FUSION OF PAIRS OF FLASHES IN SEVEN INTENSITY COMBINATIONS 


EXPERIMENT 3 


ee 


Intensity combination 
First flash-second flash 
Log ft. lamberts wf 25 | 25-20 | 215-15 | 25-10 | 2°0-T'S 2*0-1'0 | 115-170 


Threshold, millisec. .. 79'8 93°8 | 106I | 1279 | 94°F z116 | 879 


Error variance ane os 


114°5 | 


variance of these data show a significant overall effect of intensity 
= 32'I, p <o-oor, d.f. 6/60). The first four figures in Table HI 
exactly linear increase in threshold with increase in 
f first and second flashes. Comparison of the thresh- 
olds for the intensity combinations 2°5-2°0; 2°0-1'°5; I°*5-1'0 where the difference in 
intensity between first and second flashes is in each case 0°5 log units, shows that they 
do not differ significantly (for the difference between the most widely separated of 
these thresholds ¢ = 0°31 N.S.)- Similarly, a comparison of the thresholds for the 
intensity combinations 2°5-1°5 and 2:0-1'0 shows in this case where the difference 
_between flash intensities is 1-0 log units that the thresholds do not differ significantly. 
periment showed that while the difference in 
in the determination of the threshold of ore, es 
i i i imulation about which this difference was made di 
Lane e be oem onal experiment” was therefore carried out with the aim 
of further establishing the importance of the difference between intensities of the 
pairs of flashes in the determination of their threshold of fusion, and also establishing 
the role of intensity as a factor influencing threshold and possibly interacting with 
intensity difference to influence threshold of fusion. A further variable was intro- 
duced into this experiment as a check on the influence of peripheral factors on the 


Analysis of 
combination (F 
show that there is an almost 
difference between intensities © 
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fusion threshold. It might be thought that when a first flash is intense it would 
produce an after-image that was sufficiently marked to interfere with the subjects 
perception of the second flash and thus lengthen the threshold. While the ea 
from Experiment 3 mitigate against this sort of explanation insofar as the threshol 

of fusion is to a large extent similar for intensity differences between flash pairs at 
different levels of absolute flash intensity a positive check on this factor can be made 
by the use of another modality. The whole of the design for the visual modality 1n 
this experiment was therefore duplicated for the auditory modality. Five intensities 
of stimulation in nine intensity combinations were used in this experiment. Table 
IV shows the visual and auditory intensity combinations used and the thresholds 
obtained in each instance. As before the visual intensities are given in log foot 
lambert units, while the intensities of auditory stimuli are given in log (voltage X 100). 


TABLE IV 
THRESHOLDS OF FUSION oF PAIRS OF FLASHES AND PAIRS OF CLICKS IN NINE INTENSITY 
COMBINATIONS HAVING THREE LEVELS OF DIFFERENCE OF INTENSITY BETWEEN MEMBER 
OF PAIRS AND THREE LEVELS OF ABSOLUTE INTENSITY 


EXPERIMENT 4 
p—s 


Intensity difference 


: i ro 3 
in log units &5 S 
Visual stimuli | 
intensity 
combinations 
First flash- 
second flash ++] 3°O-2°0 | 2+5-1'5 | 2*0-1 0 | 25-20 | 2-0—1°5 | 1+5—T+0 | 2-0-2:0 | 1°5-1'°5 Sa 
Log ft. lamberts 
——- 
Threshold, millisec. | 100-0 | roq-o | 118-0 | 87-0 83:0 85:0 75°38 80:0 Che 
ira 
Auditory stimuli 
intensity 
combinations 
First click- 
second click ++] 30—2"0 | 2*5-1*5 | 210-1 +0 | 2+5-2:0 | 2-0-1*5 | 1+5-1-0 | 210-2*0 I*5-1°5 eg 
Log voltage X 100 
SS aa 
Threshold, millisec. | 4-1 41 33 29 27 27 1-8 20 V7 
ad 
Error variances (i) for intensity differences First flash-second flash— 42-42 
(ii) for absolute intensities 85°76 
(iii) for modalities 1684+10 


The nine intensity combinations were presented randomly to two groups of six 
subjects, one group receiving all visual stimuli and the other group all auditory 
stimuli. The data were analysed using Winer’s (1962) model for a three factor 
experiment with repeated measures. The analysis of variance showed that the effec 
of difference in stimulus intensity between the first and second stimulus was significa” 
as before (F = 57°8, p <o-oor, d.f. 2/20). There was also a significant interactio? 
term between intensity difference and modality (F = 45:5, p <o-oor, d.f. 2/2° 
showing that the effect of intensity difference was different in the two modalities: 
There was, of course, a very highly significant term indicating an overall difference m 
thresholds in the two modalities (F = 122-3, p <o-oo1, d.f. 1/10). The third factor 
in the analysis was absolute intensity, this was introduced on three levels by taking 
together the data for the first, fourth and seventh columns, the second, fifth a” 
eighth columns, and the third, sixth and ninth columns in Table IV. In no case was 
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the factor of intensity significant either as a main term or in interaction with any of 
the other terms. In no case was there any difference in the thresholds to pairs of 
stimuli having the same difference in intensity between the pairs. 


DISCUSSION 


The results of all four experiments support the view that the threshold of fusion 
of paired stimuli increases as the difference in intensity of the stimuli increases 
where the first stimulus is the more intense. The relation holds over the range of 
absolute intensities of stimuli used in the experiments described. These results are 
consonant with the notion put forward in the introduction, that the first stimulus of 
the pair sets up a neural disturbance or “noise,” and that this “noise” has to dissipate 
before the signal resulting from the second stimulus can be detected. 

To illustrate this point more succinctly, and also to take account of the results of 
all four experiments at the one time, the data shown in Figure I were plotted. The 
filled circles show the thresholds for conditions where the first stimulus of a pair 
had an intensity of 2-5 log foot lamberts; the intensity of the second member of the 
pair being scaled on the ordinate. The open circles show thresholds similarly plotted 


for the conditions where the first stimulus of the pair had an intensity of 2:0 log foot 


lamberts. Best fit lines were calculated for each set of data, For the data where 
the first flash has an intensity of 2:5 log foot lamberts the equation of the line is 


FIGURE I 


Intensity of second flash (log foot-Lamberts) 


100 


80 


0 20 40 60 


Threshold of fusion (millisec.) 
t flashes when the first flash has the intensity of 
foot lamberts (lower line) and the second flash 


Threshold of fusion for paired ligh 
fit lines show hypothesised decline of noise 


2:5 log foot lamberts (upper line) or 2:0 log 
intensity is given on the ordinate. Best 
arising from first flash as a function of time. 

ata where the intensity of the first flash is 2:0 
line is y’ = —0022% + 3°53. The slope of the 
e rate of dissipation of the noise resulting from 
ts to the line (shown by correlations of 


y’ = —0-026% + 4-40, and for the d 
log foot lamberts the equation for the 
lines can be considered to represent th 
the first stimulus. The close fit of the poin 
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—o-g7 and —0-96 for the first and second groups of data) over all experiments suggest 
a linear and consistent decline in noise from about 70 millisec. after the first flash, and 
that this rate of decline of noise is not significantly different (¢ = 0-8) for the first 
stimuli of two different intensities. The caveat that the decline in noise is apparently 
linear only after 70 millisec. following the first flash is made for the following reasons. 
Firstly, because this is the range over which data are available. Secondly, because 
if the best fit lines are extrapolated back towards the time of presentation of the first 
flash, the implication is that a second flash of greater intensity than the first would 
result in a lower threshold than for flashes of equal intensity. This is not borne out 
by experiments on backward masking or by the data from Experiments I and 2. 
In the absence of other evidence it is most economical to suggest that there is no 
decline in noise until about 70 millisec., but thereafter the fall-off is linear. The 
data from Experiment 4 suggest that a similar phenomenon takes place in the auditory 
system but on a different time scale. 

Thus far the results have been discussed in terms of development and dissipation 
of noise. An alternative mechanism to explain the results might be put forwat 
using the concept of refractoriness. It does not seem profitable at the present time 
to try to distinguish between these alternative proposals, as it may be that psycho- 
logical, as distinct from physiological refractoriness may perhaps be explained by 
invoking a “signal in noise” mechanism. 

It has been suggested (Venables, 1963, 1967), that the threshold of fusion of 
paired flashes or clicks might be used as a measure of the level of cortical activation” 
or arousal. This view receives support in that it has been shown by Kopell, Noble 
and Silverman (1965), that the threshold of fusion of paired light flashes may be 
raised by the use of a barbiturate, sodium thiamylal, or lowered by the use a 
methamphetamine. If the suggestion which has been put forward in this pape 
that the factor determining the threshold of fusion is the rate of decay of noise which 
is generated by the first flash is accepted, then a mechanism whereby arousal operates 
to alter the rate of decay of noise might be suggested. Evarts (1960) described the 
changes in the spontaneous and evoked discharge of single units in the visual cortex 
which are brought about by having the animal preparation in a waking or a sleeping 
condition. He showed with a few exceptions, that when marked reductions in 
evoked activity occurred during waking, they were accompanied by reductions in 
spontaneous activity. Data was presented which showed that in general there was 
an increase in the ratio of evoked to spontaneous discharge, or in other words & 
increase in the signal/noise ratio, in the waking as compared to the sleeping anim@ 
although there also tended to be an absolute reduction in the evoked discharge. ; 
arousal can be thought of as bringing about an improvement in the signal/noise ra 10, 
it is possible that the results of the present experiment and those which use two 
flash or two click threshold as indicants of activation may be reconciled. Furthe! 
work requires to be done in which the “noisiness” of the first signal is chane® 
independently of its intensity, and where the supposed dissipation rate of noise 1° 
altered by manipulation of arousal. 

Without further experimentation it is not possible to relate the present results t° 
those of Mahneke (1958), or Kietzman and Sutton (1968), where alterations of the 
two flash threshold have been brought about by alteration in flash duration. while 
some parallels to the present results may be seen in their work by the mediation © 
Bloch’s law little confidence can be felt in the exercise. 

It has already been suggested that some of the results of Experiments I and 7, 
where the second stimulus is brighter than the first, are akin to “backward maskin8, 
(Raab, 1963); however, the main results reported, where the second stimulus 
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— than the first, are most likely to be concerned with an entirely different 
a mee The most widely accepted explanation for backward masking, that 
= ee second stimulus has a shorter latency than the first (Crawford, 
Pinta a et; 1963; Donchin and Lindsley 1965a) clearly cannot be an explanation 
or the present results where the second stimulus is less intense than the first. It 
n also be argued that the cue of brightness enhancement could be used as a basis 
a iscriminating oneness.” In view, however, of the findings of Bartley (1939), 

onchin and Lindsley (19658), that the inter-flash interval for “brightness enhance- 
ment” is in excess of too millisec. this explanation seems unlikely when most 
thresholds for stimuli of equal intensity are below this figure. 


This work was supported by a grant from the Medical Research Council. 
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REFRACTORINESS IN INFORMATION PROCESSING 
BY 


L. H. SHAFFER 
From the Department of Psychology, University of Exeter 


Two experiments on refractoriness were carried out in which the warning, first and 
second signals, Sọ, S, and S, respectively, were all single-valued, and the distributions of 
random intervals between S, and S,, and S, and S, were the same. In the first experiment 
the intervals in a trial were statistically independent: the null hypothesis, that the latencies 
of the two responses would be similar, was rejected, but the results were also found to 
agree with no existing alternative hypothesis. In the second experiment the intervals in & 
trial were conditionally related and the second response was found to be faster than in the 


first experiment. This is discussed in the context of the issue of serial or parallel pro- 
cessing of information. 


Part I—REFRACTORINESS AS TRANSFER 


In simple reaction tasks a warning signal, S,, is followed by a signal, S,, to which 
response R; is required. In refractoriness tasks a third signal, S,, requiring response 
R,, follows S}. When S, and S, are single valued the tasks are made non-trivial by 
randomizing the intervals between S, and S}, and S, and S}. 

It is known of simple reaction that the latency of response R, depends upon the 
distribution of warning intervals. Two studies particularly relevant here have show? 
this with intervals between 100 and goo millisec. Nickerson (1965) found that if all 
intervals are equally likely then response latency decreases as the interval increases. 
Also latency is affected both by the range of intervals and by the values spanned, 
hence he concludes that it is a function of both relative and absolute values © 
interval. Karlin (1966) found that if the modal interval is far more probable than 
any of the others then latency has a minimum value in the region of the mode. 

A recent survey of experiments on refractoriness is given by Bertelson (x966) 
who also traces the history of this research. Interest in these studies has conce?” 
trated on the phenomenon that latency of the second response is a decreasing functio” 
of the interval between S, and S}. An obvious question is whether this phenomeno” 
is equivalent to the one observed in simple reaction. Yet, surprisingly, although ee 
has been put forward as hypothesis the direct test has not been carried out. 


suppose that S, is the warning signal for S, and S, the warning signal for Sẹ then oF 
direct test is achieved by a task symmetry such that 


(a) the intervals between S, and S, and between S, and S, are independent, and 
(b) they have the same distribution. 


FIGURE 1 
S a S y s 
Ti 


R 72 Ry time,t 


The temporal order of events in the refractoriness task is shown in Figure 1, but 
note that whether or not R, precedes S, depends upon the timing of S, and the latency 
of R,. In this diagram t, is the interval between S, and S,, t, the interval betwee 
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S, and S,, T, the latency of R, and T, the latency of Ry. If Sẹ S, and S, are all 
single valued then the stimulus in each trial can be characterized as a pair of time 
alters tet; which designates a point in a stimulus plane. This is shown in 
i 2. The interval t, takes values t,“ at random and t, takes values to) at 


FIGURE 2 


t2 


OPK) 


Some fairly general assumptions about performance are that T, is a function of 


t, and ty: 
T, =f (t; ta) (2) 
and that T, is a function of ty, tg and Tj: 
Ta = (ti; tes Ti) (2) 
Interestingly, it may not be feasible to test equation (2) in its general form within 
0) in the 


s would entail sampling each point t,” ta 


a single experiment since thi 
ber of times to be able to estimate the effect of T, at 


stimulus plane a sufficient num 
every point. 

The null hypothesis is that T, depends only upon ty, 
that, if t} and tẹ have the same distribution and are indep 
have equivalent functions: 

f (t1) =8" (te) (3) 
Rejection of the null hypothesis implies that there is t 
response event in the series to the next. 

The following experiment provides a test of the null hypothesis, and in case it 
should fail the test the experimental design was such as to permit the testing of at 

d, no single experiment can 


least some alternative hypotheses. As we have said, no a 
provide a strong test of all the hypotheses implicit in equation (2). Any evidence of 
transfer will be examined in the context of the major current hypotheses of refrac- 


toriness. 


T, depends only upon t, and 
endent then T, and T, 


ransfer from one stimulus- 


METHOD 
nsisted of three digital units mounted side by side, each of 
x in. high when illuminated. The left-most symbol 
ers (S, and Są) was a O. These came on ina 
d to introduce a variable delay between 
nd and third signals (t, and ts 


Apparatus. The display cO 
which displayed a symbol about 
(Sq) was an arrowhead and each of the oth 
left-right sequence and two delay timers were use 
onset of the first and second and between the seco: 
Tespectively). ean 

The response unit had two keys, each requiring a pressure of about 10 grams to depress, 
with a traverse of about 2 mm. Two Venner millisecond timers were used, the first 
Measuring the time between onset of S, and pressing the left key (T;), the second measuring 
the time between onset of S, and pressing the right key (T,). Pressing the right key also 
terminated the display. 

Instruction. The subject was ead was a warning signal, the first 
O was to be answered by pressing ith his left forefinger and the second O by 
Pressing the right key with his right forefinger. He was to answer each O signal as 
quickly as possible when it arrived and try not to make premature responses. He was 
told that the intervals between Są and S, and between S, and S, would be random. 
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Procedure. Following instruction each subject was given about 5 min. practice, z 
which time a variety of intervals between 50 and 310 millisec. were chosen at rando s 
for the first and second intervals in each trial. Then there were eight test sessions ae 
two on each of four successive days, one in the morning and one in the afternoon. a 
each session a different sequence of 125 trials was presented at intervals of about 7 a 
Each sequence used five intervals, 50, 100, 160, 230 and 310-millisec., in t, and t, and eae 
of the 25 possible combinations of t, and t, occurred five times. Thus each a 
was made up of trials chosen by random selection without replacement from the 1 
possibilities. 


Subjects. Three first-year psychology students who were not previously familiar 


with this type of experiment were used. They were about 18 years old, two men and one 
woman. 


RESULTS 

We shall label the subjects X, Y and Z, calling the woman X. The results of 
each were analysed separately and only subsequently combined. if 

A further point of procedure that can more relevantly be mentioned here is that i 
a subject anticipated a signal completely the trial was later repeated. The occur 
rence of premature responses was not recorded on the first four sessions, but from the 
fifth onwards it was recorded against the trial on which it occurred. A response was 
considered premature only if the timer failed to give a reading, i.e. if the latency 
was less than I millisec. These premature responses, whether R, or Re, occult’ 
only at the longest or next-but-one longest interval in t, or tẹ and their frequency ? 
reported later. t 

For each subject the latencies, T, and T,, in a session were separately summed ii 
each point, tyt,. Analyses of variance were then carried out examining the enteo 
of tı, tẹ and sessions, first for T}, and then for T,. In case the data did not satisfy * 4 


the statistical requirements of the F test, the null hypothesis was considered © ejecté 
only if a probability  <o-or was obtained. 


Analysis of Tı. Two effects were highly significant, t, and sessions: for he 
F (4, 112) = 41 for X, 13 for Y and 71 for Z, p <o-oor; for sessions, F (7, 112) 
5'9 for X, 7:2 for Y and 18 for Z, p <o-oor. The effect of sessions did not reflec, 
faster responding with practice, except perhaps in the case of Y. Subject X? 
anything got slower with practice and Z was slowest in the middle sessions. 
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Latencies, T, and T,, of the first and second responses as a function of the respect? 
intervals, t, and tẹ. Part I. 
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Only one other effect was significant and this was secondary in magnitude. For 
subject Z the t, X sessions interaction was significant, F (28, 112) = 2'5, $ <o-or. 
This could be interpreted as a decrease in the t, effect with practice. 

Despite this secondary effect it is fairly reasonable to display the effect of t, on 
T, by a single curve for each subject and these are shown in Figure 3. We merely 
note here that they confirm that response latency decreases as the warning interval 


gets longer. 


Analysis of Ts. Two effects were highly significant, tẹ and sessions: for tg, 
F (4, 112) = 156 for X, 88 for Y and 226 for Z, p <o-oor; for sessions, F (7, 112) = 
14 for X, 10 for Y and 31 for Z, p <o-oor. The sessions effect is interpreted as for T}. 

_ There were some secondary effects. For subject Z the effect of t, was significant, 
F (4, 112) = 5:0,  <o-or, and the effect of the t, X tə interaction was significant, 
F (16, 112) = 2:6, p <o-or. The first of these reflected an increase in T, with the 
longer t, intervals; the second had a complicated form that will be discussed in the 
combined analysis. 

The effect of t, on T, for each subject is also displayed in Figure 3. There is a 
striking difference between these curves and those relating t, and T}. As a first 
approximation it may be said that the T, curve is a linear transformation of the T, 
curve, such that there is a point in the delay, t, below which T, > T, and above 
which T, > Ty. 

Premature responses. AS already mentioned these were recorded in only the last 
four sessions. They were observed to occur only at the longest intervals of t, or ty 
(see also Nickerson, 1965). Subject X made 26 premature responses 1n R, and 6 in 


R, Y made 3 in R, and 18 in Rg, Z made none in R; and 1 in Re Taken as an index 
ofa tendency to make anticipatory responses they can be used to provide estimates of 
how often relatively fast responses appeared in the data. In this case they help 
explain why the crossover point referred to above occurred fairly late for X and 


fairly early for Y. 
TABLE I 


LATENCY IN MILLISEC. AS A FUNCTION OF t, AND t, AVERAGED OVER SESSIONS AND 


Parti 


t in millisec. 

Tı 50 100 160 230 310 
ee ee 

2 278 287 291 289 
es au 256 248 E 260 
tı in milli 6 240 246 24 23 249 
aa a ie 222 234 237 240 229 
310 218 213 219 227 225 

tą in millisec. 

a 
ae 50 100 160 230 310 
2 

2. 281 249 210 195 
= Da 279 236 211 186 
tı in millisec. .. 160 336 290 243 182 179 
230 339 293 252 208 152 
310 351 292 260 214 189 
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Combined analysis. Since the results for all subjects were essentially similar two 
more analyses of variance were carried out on the combined data, for T, and Tz 
respectively. The data were collapsed over sessions so that only the factors t, and 
t, were distinguished. These averaged latencies are shown in Table I. 

"The analysis of T, added no new information; the analysis of Ts showed a new 
effect, a tı X tą interaction, F (16, 32) = 2:8, p = oor. This was previously 
observed to be significant only for Z, although a similar pattern was observed in the 
data of Xand Y. The nature of the interaction is clearly shown in Figure 4. At the 
smallest value of tẹ, T, increases monotonically with t,; for increasing values of ta 
T, tends to increase with t, but has an acute dip that simultaneously becomes more 
pronounced and moves to larger values of tj. e 

No attempt was made to compare statistically the functions T, = f’ (tı) and Ts 
= g' (t,), because there seems to be no simple and natural way to allow for the 
dependence in each yoked pair of observations (T,, T,). However, the difference 
between f’ and g’ is large and demonstrably invariant over subject sessions. 


FIGURE 4 
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Composite latency T, as a function of t, with t, as parameter. Part I. 


Discussion 


It is clear from the results that the null hypothesis, stating that latencies Ty and 
T: are symmetric functions of t, and t, respectively, must be discarded. The curves! e 
Figure 3 show that the functions T, = f (t,) and T = g’ (t>) are different and t 7 
curves in Figure 4 show that T, is a function of at least tı and tə We may therefor 
proceed to examine whether any current alternative hypotheses offer a transfer 
mechanism that would produce these results. They must also, of course, accou” 
for the general forms of f’ and g’, but as Smith (1967) points out in her review 
these hypotheses this is a minimum requirement since these hypotheses were initially 


presented for just this purpose. The hypotheses fall into one or other of two type 
which we may call delay and expectancy. 


Delay hypotheses. These postulate that on arrival the signal S, preempts and 
occupies a processing system so that S, may have to queue for acceptance. hey 
then divide such that (1) following the acceptance of S, there is an interval pefor 
acceptance of S, that is fixed (Telford, 1931) or has a cyclic reset (Broadbent, 1958); 


. : . 0 
or (2) Są must wait until a certain stage of completion of the process relevant i 
R; has been reached (Welford, 1952). 
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The notion of a fixed delay following acceptance of S, provides the origin of the 
name “refractory period.” It postulates a time interval t,(©) and a response latency, 
Ta, which has the distribution of an undelayed response, such that, 


T: = Ta if taO) > tole) 
and T, = Ta + (to(°) — tp) if t < t 


Broadbent’s variant of this notion postulates periodic sampling intervals of 
length t,(©) such that a signal arriving within an interval is admitted for processing 
at the end of that interval. Two consequences are that signals arriving in the same 
interval will be grouped together in processing and that f’ = g’, which we have already 
rejected. Alternatively, a further postulate may be added, which synchronizes the 
sampling cycle with the arrival of S,, so that S, never undergoes a delay. In this 
case the prediction is the same as for the refractory hypothesis except that the delay 
interval is recurrent with a period of length t,). 

Since the refractory hypothesis postulates a response delay numerically equal to 
the duration of an unelapsed waiting time it fails the minimum requirement of 
describing the functions f’ and g’. This could be partly overcome by weakening the 
hypothesis and making t,(® a random variable and so obtaining a better fit of either 
f' org’, but not both. There is no provision in the hypothesis to account for different 
forms of refractoriness following Sọ and S,, and there seems to be no natural way to 


include it. 4 

The second hypothesis, known as the single channel hypothesis, postulates that 
any signal S initiates a process of duration Tp leading to response R and that pro- 
cesses on different signals follow consecutively, unless the signals are grouped. 
Since the measured latency, T, of a response is the interval between onset of Sand the 
closing of a switch that stops the timer one must specify a relationship between Tp 
and T. The simplest assumptions are that they are linearly related. Hence, 
without grouping, 


2=Ta if Typ < te” 
and T, = Ta + (Typ — te”) if Tip > tol) 
‘ore, and Typ is the latency of the 


where Ta i delayed response latency, as bef c 

process initiated. i Ee Thus for any interval, tp there should be a ie s 

T on T,, which is a discontinuous straight line having a slope of zero to the 

a point t,()= Tp, and a slope of b to the right if Typ=C+bT). ; 923d 3 
The transfer mechanism here is the occupancy time of the previous pr ce 

Central system. If it is assumed that So, as well as S, and S,, can initiate a proce: 


i i ions f’ and g’ is 
th i i hich to account for the different functions 
en the obvious basis on W. not terminate in an overt response and 


that, unlike S, and S,, the process on Sp does not resp I 
so stioutd a thé Cane for less time. This does not, however, explain yes f 
should have a smaller slope than g’, or why these functions should cross over rather 
than h tote. par i 
If, P mand that the effect of the warning interval is other ant that 
of a central delay then the test of the single channel hypothesis must be base opa 
the difference function f'-g'. Not only does this function pass through zero n 
also it gives delays at small warning intervals altogether too short according to the 
hypothesis is 
The hypothesis predicts the form of regression of T, onto Ty, It is eee 
to examine this prediction because of the postulated discontinuity in the regres - 
curve. However, at tą = 50 millisec. there are very few values of T, less than this 
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and most are considerably higher. It should therefore be safe to assume that a 
regression curve here has a uniform slope. For each subject the product-momen í 
correlation, r and the regression slope, b of T, onto T, were calculated at each va 
t The results are shown in Table II. The correlations are fairly high and nearly 


TABLE II 
CORRELATION, T AND SLOPE OF REGRESSION, b oF T, ON T, AT t, = 50 MILLISEC. 


| 9 
| Subject X | Subject Y | Subject Z 


| 
| r b | r | b d oo 
50 0-61 | 066 | 0:50 0:67 0-66 oy 
100 0°65 | 0-68 0°55 0-58 0:75 re 
t, in millisec. .. #6 160 0-76 | 070 0-75 0°63 ost 0'5 
230 0-69 0-40 0°76 0°76 0'17 ot 
310 047 | œ44 | 037 | 0-45 | 034 | ° 


ee eee ee es See eae | See E 


n = 40 in cach test. 
p <o-or if r > 040. 


always significant at  <o-o1. As will be shown later there are reasons to suppor 
that the positive correlation may be an artefact of instruction, The values of “i 
usually much less than unity, showing that T,p can be only a fraction of Ty. d 
Expectancy hypotheses. These entail assuming two types of process, althoug! Y 
some formulations one or other of these may not be made explicit (Smith, ae 
One must first assume that there can be different states of preparation to initia n 
response given a signal, that there is an ordered relationship between these states ? ye 
response latency, and that states of greater preparation require a finite time to achié ji 
and can be only transiently maintained (cf. Poulton, 1950). The other assumption 5 
that if the subject knows the distribution of warning intervals then he can use eat 
predict, or “expect,” a point in time following the warning signal at which the sig - 
will me and project his state of maximum preparation to this point ( owt 
1940). 0 
Such hypotheses can be made precise by specifying (a) how latency is related a 
state of preparation, (b) the duration of transient states, (c) which properties nd 
the distribution of warning intervals are utilized in prediction, and (d) whether i 
how prediction depends upon recent events in the series. ject 
_ An additional point to be made is that typically the instruction to the eon 
in a reaction task provides an ambiguous payoff between responding quickly 
making errors or premature responses (Edwards, 1961). He must therefore $° 
his own payoff and combine this with his knowledge of the warning intervals to 
a prediction of signal arrival. Annett (1966) suggests that if all intervals are eg” 
likely and the instruction against making premature responses is only mode" tio? 
punitive then the subject may choose to project his state of maximum prepat? 
to a point in time in the region of the longest interval. dict 
Given this last assumption about payoff an expectancy hypothesis would PF of 
the general features of Nickerson’s results on simple reaction (1965) and the form yti 
f’ and g’ in the present results. It would also explain, as Nickerson pointe js 
why premature responses should tend to occur only at the longer warning intet 4’ 
as in both his and the present data. Other confirmation is provided in Ker 


ect 
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results, using leptokurtic distributions of warning interval (1966), showing that 
fastest responses and most premature responses tend to occur at the modal interval. 

However, the current versions of expectancy hypothesis would all predict the 
equivalence of f’ and g’, since no one has included an explicit statement on sequential 
modification of expectancy. There is in principle no difficulty in doing so, and a 
natural way to explain the interaction effect in Figure 4 is to suppose that the subject 
expects a second warning interval symmetric with the first in that trial. 


Commentary. We now seem to have not one effect but two and it is not clear 
which of these is to be considered refractoriness. There is the effect of warning 
interval and the transfer effect when one stimulus-response event follows another. 
The failure to separate these in earlier studies has led to inappropriate tests providing 
spurious support for one or another hypothesis. Often, these studies have chosen 
values of t, nearly optimal for the first response and so have obtained an exaggerated 
measure of the transfer effect, tending to favour a single channel hypothesis (e.g. 
Davis, 1956). Although Welford (1967) considers this hypothesis the most robust in 
accounting for refractoriness it fares no better than the others with the present data. 

Looking back at the general equations for T, and T, in the introduction can we 
place any useful restrictions on these in the light of our results? In equation (I) 
it would seem that t, is not a significant variable affecting T, and can be omitted. 
However the possibility arises that it should be replaced by a symbol s, standing for 
sequence, to indicate that R, is influenced by the fact that other events are to follow 


(cf. Poulton, 1950): 
(za) 


This may account for T, and T, not having the same asymptotic value, and suggests 
that the experiment presented ‘is incomplete without control data of single reaction 
time for the subjects (“We know the sound of two hands clapping. But what is the 
sound of one hand clapping”—a Zen koan). Such data was in fact obtained in a 
single session with each subject a month after the main experiment. One subject, 

Was uniformly faster on the single response than on the first response, the other 
two showed no difference. This is inconclusive, since one should extensively train the 
Subjects to switch from one task to the other so as to eliminate the carry-over Ss 
Mappropriate responding habits. Other experiments have confirmed that single 


z d Van Sant. 
response i first response (e.g. Gottsdanker, Broadbent an i 
eas oe T aa, as Poulton and Gottsdanker 


1963). may be non 
4 a ee Fok the first response is included within a programme for a 
response initiated by So- pe ; 
y Th mae a ae are it grounds for retaining t, because it ee Ta ty 
m influencing Tp. There are also grounds for retaining T, because of t 4 | a 
Correlation with Tą. Such correlation has been taken as support for the single s anne 
hypothesis (Davis, 1956), but it would also be expected on a quite different ae 
The instruction to the subject in a refractoriness task should properly ac : a 
Statement, “Answer each signal as soon as it arrives.” It is poe eee > or 
the subject to interpret this as implying that Rı should precede, or at least not fo. re 
2 Since S} always precedes Se Ifso then this has two important consequences tor 
Tesponse latency: 


T, =f (ti; 5) 


i i ji ly be made at that time 

I) however late R, may occur on a given trial R, will on y be. tin 

i p Tater and serialai when t, is small, this will contribute to a positive 
correlation between T, and T, and 
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(2) at least when t, is small, there will be a lower bound on the values of Ts 
imposed by the values of T,, so that the left-hand side of the distribution © 
T, will be curtailed and hence on average T, will be larger than T. Literal y 
part of the transfer effect observed may be the effect of how the subjec 
interprets his instruction. 


The reason for including this part of the instruction is that otherwise the subject 
may tend to wait until both signals arrive and make a grouped response. Hower 
with appropriate instruction, it seems a curious procedure to analyse the data, @ 
Welford advocates (1967), by treating separately as grouped responses those cases E 
which R, coincides with or precedes R,. If the responses were truly independent the > 
one should expect this to occur with a probability calculable by separating the meang 
of two latency distributions by the appropriate value of ts. Tt is the virtual absen 
of simultaneous or reversed responding in the present data that testifies to the no 
independence of the two responses. ice 

At present there is justification for an interference hypothesis of serial cho 
having the following form: any signal relevant to a task may initiate a central proces f 
a process may interfere with any contiguous process so as to prolong it; the amoun pik 
interference will vary inversely with their separation in time and with their predict 
ity, separately and in relation to each other. This hypothesis can account in gene 
terms for much of the present results and most of those in the literature (see Bertels° á 
1966; Smith, 1967; Welford, 1967). It would be of little worth at the present e 
to make a stronger hypothesis than this, since what is required is proper parame re 
data of interference phenomena in serial response. Finally, it is noted that the is 
are already results in serial performance to indicate that the above formulatio?, 
inadequate and needs to be supplemented by statements about syntactic proper: ). 
of the processes initiated on each signal (Bertelson, 1961; Jersild, 1927; Shaffer, 19 7 


Part II—REFRACTORINESS AND PREDICTION 

In information theory a code is redundant if the symbols in its alphabet ae 
equiprobable or if there is sequential constraint upon their choice. To the z 
that it is redundant the code is predictable. If in a serial reaction task ma to 

sequential constraint between successive signals can the subject utilize this 5° 25 
improve his speed of reaction? ut 
_ The answer to this question is relevant to the issue of whether decisions 2° f 

stimuli must be made serially or may overlap in time. The former assumption, 
course, is the single channel hypothesis (Welford, 1952). Broadbent (1958) hat 
modified this hypothesis to take account of the capacity of the channel, Sue : id 
stimuli with small uncertainty may be processed together, but this introduces orn ter 
able assumptions about the possibility of improvising input codes for compo’ ig 
unrelated stimuli. These assumptions have never been explicitly develope“ | ck 
fortunately it 1s unnecessary for our purposes to discuss them further. In the 

we shall consider there are observable delays in responding, which are suppos? 
provide evidence of queuing in a single channel. f in 
F The following experiment uses the same task as in Part I, but the waT at 
interval of the second stimulus is now related to the warnin; interval of the £ 
providing some opportunity for prediction. ‘ 
To make clear what prediction must entail we 


detail. Let us call the warning, first and second signals Sọ, S, and So, as before» "ais 


quence, with delay 1” 4 and 
The source starts each sequence in a state, A, in which it emits >° 


ot 
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goes to one of a number of B states. In the state B; it emits S, after a delay t,(') 
and goes to one of a number of C states. In the state Cj it emits S, after a delay t% 
and this terminates the sequence. The second delay is related to the first if, for any 
E Ci, the probability of C; depends upon which state in B the source passes through. 

n this case it can be shown that the average uncertainty of t, is less than if t, and t 
were independent. 7 ! : 
F The complete basis for predicting t, and t, would be the probabilities of transition 
rom one state of the source to another. A less complete basis, one ignoring the 
sequential constraint, would be the probabilities of each state. It may be, of course, 
that _the subtlety of prediction that can be implemented in response preparation 
regure an even simpler basis. The response may be organized in relation to, say, 

he most frequent time interval (Karlin, 1966), taking or not taking into account 
the sequential constraint. 

The knowledge the subject must sustain in order to make any level of prediction 
can be regarded as a model of the stimulus source, and what matters here is that 
pr ediction that utilizes sequential constraint requires a more complicated model than 
Prediction that ignores it. Reduction in uncertainty of tą is obtained at the cost of 
increasing the amount of analysis of the stimulus source. Having observed the 
value of t, in a particular trial the subject must choose one of a set of probability 


vectors in order to make the best prediction of the value of tp. Thus when S; arrives 
ect must initiate two 


(and hence terminates the first interval) it seems that the subj 
t the second interval. 


Processes, one to make the first response and the other to predic 
If in fact the latency of the second response is reduced by the sequential constraint 


then we must ask whether the two processes could occur in series. 


METHOD 
The apparatus was the same as in Part I. Instruction to the subject was also un- 
changed. 


a Procedure. Each subj 
ifferent sequence of 100 trials. 


each session he was given a 


ect came for five sessions and in eac jc 
ctice session and the results 


The first session was a pra 


of this were not used subsequently. 

The design of the trials was as follows: t, could take any one of five values, 50, 100, 
160, 230 or 310 millisec.; ty 
&lven in Table III, which shows 
value of t. Each sequence was ma 
Teplacement. 


e of these values subject to the constraint 
als each value of t, followed a given 
f random selection without 


could take any on l 
how often in roo tri 
de up by a procedure o 


TABLE III 


t, in millisec. 


50 100 160 230 310 
he 
10 I0 
I0 I0 
tı in millisec. + 160 20 
230 Io I0 
310 Io I0 


Subjects. Four first-year psychology students, who were not previously familiar with 
his type of experiment, were used. There were two men and two women. 
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RESULTS 


The data for each subject were averaged over the four sessions, having ascertained 
that there were no marked trends between sessions. Although there were individual 
differences, which are mentioned below, it is sufficient for our purposes to present a 
combined picture as in Table IV. The data are averaged separately for latencies of 
the first and second responses, T, and T,. The rows of the matrices correspond to 
different values of t, and the columns to different values of £5. 


TABLE IV 


LATENCY IN MILLIsEc. AS A FUNCTION OF t) AND tə AVERAGED OVER SESSIONS AND 


SuBjEcts. Part II 
— a 


ty in millisec. 
T 50 100 160 230 310 
50 283 (7) 303 (7) 
= 100 257 (5) 256 (4) 
t, in millisec. ++ 160 241 (3) 
230 238 (6) 235 (6) 
310 227 (64) 231 (7) 
t, in millisec. 
De 50 I00 160 230 310 
50 303 (4) 188 (4) 
ANS I00 251 (3) 188 (2) 
tı in millisec, +. 160 216 (2) 
230 254 (3) 176 (2 
310 308 (2) li 156 (0) 


Note: the one-tail probabilities of the U s i z i 
hie followin weiter cores shown above in brackets are given by 


U (or 12-U) ty o i 4 5 6 
p.. Z = 4 7 Ir 15 20 
35 35 35 35 35 35 35 


sponding entries and, overall 
for T,, however, in every c 


ee dual Whi 
U statistic was calculated for each cell in Table IV and the Se a ia ne i i 
Given the mean latencies of each of the seven subjects D ris a 


the second. Thus a score U = O Corresponds to c 


i 
1 


a fr d 
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S mpho while U = 12 corresponds to complete contradiction. The expected 
lt lue of U on the null hypothesis is E (U) = 6 (Mood and Graybill, 1963, ch. 16). 
T aean seen that whereas for T, the U scores in Table IV are distributed close 
e expected value, for T, they are always below this value although seldom 
Teaching significance. 
The refractoriness effect may be depicted by averaging T, across t and averaging 
2 across t}. These results are shown in Figure 5, separately for the two experi- 
ments. In each graph T; is shown as a function of t, and T, as a function of ta. 


FIGURE 5 
360 
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Warning interval, t Or ty 
int Latencies, T, and T,, of the first and second responses aS a function of the respective 
€rvals, t and t, Part II. 
me Major difference between the graphs js that the curves intersect at some inter- 
th calate delay in the earlier result and barely overlap in the present one. In fact, of 
e four subjects in the present experiment the results of only one showed any 
parked overlap, for another there was 4 small overlap at the shortest delay and for 
eae two there was no overlap. 
sti n all subject-trials there were 45 
imulus and in all cases they occurred 
ae II were first responses an 
ese was discussed in Part I. 


DISCUSSION 
If the use of prediction is discounted and the result is taken as a replication of 
that in Part {then it anos that transfer delays of the second response even at the 


Small values of t all indeed or nonexistent. 
can be very smal! In le $ 
f, however, hase is an effect of redundancy and prediction 1s possible then what 


Can we make o i as to whether this represents series or parallel processing of 
€ input Sad abort Suppose that the subject has a model with states A’,B » G 
corresponding to states A, B, C of the stimulus source. Prediction of ta having 
Ybserved t, requires that when the source is in state Bı the model can attain state 
’ soon after S, appears. For the subject this is equivalent to having available the 


Vector of probabilities of transition from By to each of the C states. 
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It is theoretically possible for the model to be in By at the same time as Sy 
appears, providing that it can imitate the source in real time. The states in B 
(or in C) can be ordered as an ascending series of time intervals, and the correspond- 
ingly ordered states of B’ can be ticked off against elapsed time, so that, subject to 
accuracy of time estimation, the model is in By’ if and when the source is in Bi. 
There is no question of overlapping processes because the process of prediction is 
built into the structure of the model. 

It therefore seems consistent that prediction in the present task may be imple- 
mented in a serial processing system. This, however, assumes that the subject has 
access to a model that can imitate the source without appreciably lagging it in time. 
With other assumptions about access, for instance that the model does not partici- 
pate in information processing but is retrieved piecemeal from memory as required, 
it would be more natural to consider overlapping processes. Thus with a small 
extension of the refractoriness task we find that the distinction between serial and 
parallel processing is too simple. It fails to make explicit some very important 
assumptions about the nature of the processing system. 
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DISCRIMINABILITY AND JUDGEMENT TIME 5I 


DISCRIMINABILITY AND CENTRAL INTERMITTENCY IN 
SAME-DIFFERENT JUDGEMENTS 


BY 


MICHAEL C. CORBALLIS*, WILLIAM LIEBERMAN}, and DALBIR BINDRA 
From the Department of Psychology, McGill University 


i Sour sets of paired visual stimuli (OO, XX, XO, or OX) were judged by 48 subjects 
ea s either “same” or “different.” Decision latencies of the same and different judge- 
z a were studied as a function of the inter-stimulus interval (ISI). In Experiments I 

nd II, in which stimulus durations were 70 millisec., decision latencies showed marked 


increases when the ISI was reduced to 100 millisec., but in Experiments III and IV, in 
o millisec., comparable increases did not occur 


bin the stimulus durations were only 4 l t 
th the ISI was reduced to 50 millisec. These increases were more marked for “same” 
be for “different” judgements, although overall decision latencies were generally 
i Orter for “same” judgements. The effects of varying ISIs and stimulus durations are 
nterpreted in terms of masking; they fail to support 4n hypothesis of central intermittency. 


INTRODUCTION 

th Two recent studies of decision latencies for same-different judgements suggest 
at “same” and “different” latencies may have different characteristics. In 
Particular, they may be differentially influenced by the discriminability of the stimuli 
5 be judged. Bindra, Williams and Wise (1965), for example, found that subjects 
Pk longer to decide that two tones were of the same pitch than to decide they were 
juda; 28 Pitch; contrary to this, Nickerson (1965) reported shorter latencies for 
I Sing two visually presented letters the same than for judging them different. 
n both studies, the authors speculated that “same” latencies might become longer 
relative to “different” latencies the more difficult it is to discriminate the stimuli. 
ton SPeculation receives some support from a comparison of the two sa The 
nes presented by Bindra et al. (1965), when in fact different, were nonet eless 
Closely similar, whereas the letters presented by Nickerson were easily discriminable. 
Oreover, in ‘the former study, “same” latencies were even longer relative to 
ifferent” latencies when the discriminability of the tones was lowered by increasing 


e terval betw 
een them from I to I0 sec. : aw l 
Xs „< Present experiments investigate latencies for judging visually ery 
and Os as same or different when the intervals between each pair are very briet, 


Varyin a milli We might expect the stimuli to become 
E om 50 millisec. to 800 e iri interval (ISI), because 


op Te dificu iscrimin: he shorter the int . 
T Mir Sop reece ger consequence, decision latencies should mt 
es follows from decision theory models of choice reaction time (eg. Stone, 1960), 
in ch predict longer reaction times the lower the signal-to-noise ratio, and we may 
€rpret reduced discriminability as a reduction in signal-to-noise care a oe 
a othetical dimension upon which same-different judgements a ‘en $ . 
er consequence, if the speculations of Bindra et al. (1965) and a ers 965 
Orrect, “same” latencies should increase more than different are a 
Ve There is another reason why decision latencies might increase when He i 
"Y short. Davis (1964) found that latencies for judging visually presented Xs an 
1 Xow iversi Auckland, New Zealand. 
Tiesai De Tai ar Ba oak, Missouri, U.S.A. 


are ci 
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Os same or different increased when the ISI was less than 300 millisec. He inter- 
preted this as evidence that central analysis of stimuli is an intermittent process with 
a period of about 300 millisec., so that if a second stimulus arrives within 300 millisec. 
of a first it must wait in some short-term buffer storage until the central analysing 
mechanism is clear. This results in a delay to the subsequent decision. This 
hypothesis of central intermittency has also been suggested as an explanation of the 
so-called “psychological refractory period,” the delay typically found in simple 
reaction time to a stimulus which occurs within about 300 millisec. of a previous 
stimulus (Davis, 1957, 1959; Welford, 1952). 

Davis did not observe any differential effect of varying ISI upon “same” as 
compared to “different” latencies. However, in his experiments, the two stimuli of 
each pair were projected to different spatial locations, which should have eliminated 
any reduction in discriminability due to masking at short ISIs. 
the stimuli were projected to the same spatial location. 


We report four experiments. In Experiments I and II, subjects made “choice” 


judgements; that is, they made one of two possible responses depending upon whether 


they judged the stimuli same or different. In Experiments III and IV they made 
“recognition” responses; during some sessions they responded only if the stimuli 
were judged the same, withholding response if they were judged different, while during 
the other sessions they responded only if the stimuli were judged different. The 
ISIs, measured between onsets, ranged from 100 to 800 millisec. in Experiments 
and II and from 50 to 200 millisec. in Experiments III and IV. 


In our experiments 


EXPERIMENT I 
Subjects 


Subjects were 16 volunteers from an introducto sychi i es 
ranged from 18 to 21 years. E3 pAycholopy Cael Ther ag 


Apparatus and Procedure 


The stimuli were Xs and Os, projected by a multiple-stim j on- 
Stadler Model E-4580-3), with a 2 in. by 1} in. screen. The ae rule tek 
tions and the intervals between stimuli were controlled by the output om a multi- 
channel tape programming device; three channels were used to control presentations ©’ 
the two stimuli and a fourth channel was used to activate two clocks i 

The tape was pre-programmed to present four blocks of 37 trials. Each trial consisted 
of a ī-sec. warning tone presented through earphones, followed by one of the stimu: us 


. . i 
combinations: XX, OO, OX, or XO. Withi i is 
combinations on each trial was random pr e a oe ae eh 


r i pt for the following restrictions: (1) after the 
first pair (which was omitted from all analyses) there were KE ratliatiaes cf ae alterna- 


tive, and (2) there were equal numbers of same (S) pairs (i i 

: se pairs (i.e. XX or OO) following S paits. 
aferent ad ed (i.e. OX or XO) following D pairs, g pairs fliswing'D rake, a D 
pa ae ie deci CLe eas aoe es “gery for 70 millisec. and presentation 9 
activated at the onset of the second states, eo ee E tone. Two clocks were 


The inter-stimulus interval (ISI)—the interval between onsets of the two stimuli of 


each pair—was varied between blocks ithi 
Se es aa ph but held constant within blocks. The four ISIS 


: , D Order of presenti s 
ake a ar a a 
group was assigned a different Latin Square, one consisting of the Sdi ansis of 
fhe anor valsizO0 pes Kerad 400 millisec. and the other consisting of thee clic permuta- 
tions of 100, 400, 200 and 800 millisec. Thus two subjects received each of ‘the different 
possible orders. Each subject was given a few practice trials at the first IS as to 
receive, before the experimental trials began. e first ISI he w 
Subjects viewed the projection screen at eye level from i n 
armrest to his preferred side were three microswitches e on AA 
isosceles triangle with the apex towards him. He was instructed to hold the index finger 
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of his preferred hand on th i i 
ai reter a e nearest microswitch and, after presentati i 
ikoga pete prae the stimuli were the same or different nine fae ars E 
Razek ot ac lage a placing it on the appropriate one of the other two microswitches, a 
acne eae or eat I in. For half the subjects the “same” microswitch was 
a NES e > his preferred hand, while for the remaining subjects the “different” 
satona sl oa owards this side. One of the clocks which were activated when the 
Shall atl” s appeared stopped when the subject lifted his finger, recording what we 
premotor latency,” and the other stopped when he pressed one of the decision 


mic i A ae 
Toswitches, recording decision latency. 


Results and discussion 


Za than 2 per cent. of the total responses were errors. 
e I, along with those of Experiment II. 


These errors are tabulated 


TABLE I 


PER Cr 
ENT, ERRORS MADE AT EACH INTER-STIMULUS INTERVAL (ISI) IN EXPERIMENTS 
Iann II 


ISI in millisec. 


D SS ae 
I00 200 400 800 

Experi ee 
DE iment I 26 r4 17 zA 
periment II 104 69 49 49 


A R analyse the latency trends, each subject’s mean response-initiation and 
as dish latencies for correct responses were calculated for each judgement (‘‘same” 
erent”) at each ISI. The trends, shown in Figure 1, were assessed by analysis 

tely for each measure. 


Of vari f 2 5 
Tiance, Latin Square design, carried out separa a 
decision latencies were longest 


It is clear from Figure 1 that both premotor and 
ain effect of ISIs was significant in both 
and for decision latency 


Ww 
ae the ISI was r00 millisec. The m 
( lyses; for premotor latency F (3, 24) = 8°05 (p <0-001), 1 
3, 24) = 8-09 (p <o-001). Individual comparisons among the means using the 
dicated that both latencies were 
than when it was 200, 


N 
~ewman-Keuls procedure (Winer, 1962, P- 80) in 
ISI was 100 millisec. 


signifi 
cantly (p <o-05) longer when the 
ally shorter than the corres- 


cae 800 millisec. 
pona ame” premotor and decision latencies were gener thar 
signif g “different” latencies, as in Nickerson’s (1965) study. This difference was 
ioe cant for premotor latency F (1,8) = 8:08 ($ <0°05), but not for decision latency 
ee <$ <o-ro). For decision latency, however, there was a significant interaction 
effect, en judgements and ISIs, F (3, 24) = 3°86 (p <0°05). i When the judgement 
1962 was evaluated separately for each ISI by tests of “simple effects (Winer, 
but n P. 174), it was found to be significant when the ISI was 200 and 400 millisec., 
ean p aien it was 100 or 800 millisec. ; this was true for both premotor and decision 
7 iN S only other significant 
Probab = 3°63 (p <0°05). 
ly resulted from a practice € 


effect was that of block positions on decision latency, 
Decision latencies were longest for the first block; this 

ffect. 
disc: N general, these results are con ew that the stimuli are least 
: timinable at the 100 millisec. ISI. Both premotor and decision latencies were 
8teatest when the ISI was 100 millisec. ; , “same” latencies increased 
re than did “different” latencies, as the results of Bindra, Williams and Wise (1965) 
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FIGURE 1 
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re ‘ A ns r 
Premotor and decision latencies for “same” and “different” judgements at fou 
inter-stimulus intervals obtained in Experiment I. 


and Nickerson (1965) had led us to expect. There was also some tendency, more 
marked for “same” than for “different,” for latencies to be longer at the 800 millisec- 


compared with 200 and 400 millisec. ISIs. This suggests that the optimal ISI for 
speed of performance may lie between 100 and 800 millisec, 


EXPERIMENT II 
Subjects 


Sixteen volunteer subjects were drawn from the same source as in Experiment I. 
Apparatus and procedure 
The apparatus and sti 


muli were exactly the same as those used in Experiment 1. 
Only the instructions differed. 
The subjects were divided 


: across subjects in a Latin Square which 
consisted of the cyclic permutations of the Ioo, 


t a 200, 800 and 400 millisec. ISIs. Each 
subject was given a few practice trials at the first IST he was to receive. 
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Results and discussion 
— oes apin very few errors. They are tabulated in Table I. 

eächisubj z à sae decision latencies for correct responses were calculated for 

The eo ac : and subjected to analyses of variance, Latin Square design 

ray 2 = cant effect was that due to ISIs; for premotor latency F (3, 24) = 

ean oor), and for decision latency F (3, 24) = 9°24 (P <0-002). Individual 

poe among the means using the Newman-Keuls procedure indicated that both 
were significantly (p <o-05) longer when the ISI was roo millisec. than 


when i ans : 
= it was 200, 400, or 800 millisec. This is illustrated in Figure 2. 
igure 2 also shows that the increase in premotor and decision latencies at the 


FIGURE 2 
----- Decision latency 
Premotor latency 
Pe fe) Same 
@ Different 
700 
G 
N, 
" 600 Se 
3 ames 0 
z x sO 
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i 
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400 800 


100 200 
Interstimulus interval (millisec.) 


s for “same” and “different” judgements at four 


Pre; á 
motor and decision latencie: 
Experiment II. 


inter-s+; 

er-stimulus intervals obtained in 
t” judgements. Although 
s similar to that observed 


I00 mill; : 
© millisec. ISI was greater for “same” than for “differen 
cision latencies were both 


t is i x 
-us interaction was not significant in either analysis, it wa 


In x 
ome žperiment I. However, the fact that premotor and de 
Eer overall for “same” than for “different” judgements (although not significantly 


so) is ; 
e hee direct contrast to the results of Experiment I. This comparison was a 
tiie veen subjects” comparison, SO that this result may have been due to selection 
recog it seems unlikely that there is any fundamental difference between choice and 
teun responses which would produce such a reversal. Nevertheless the point 
ired further investigation. In Experiments III and IV, therefore, we repeated 
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the main features of Experiments I and II, respectively, but the experimental design 
of Experiment IV (unlike that of Experiment II) was such that “same” versus 
“different” was a “within subjects” comparison. In Experiments III and IV, too, 


the stimulus durations and ISIs were made shorter than in Experiments I and II. 


EXPERIMENT IIT 
Subjects 


The subjects were eight students employed for summer research. Their ages ranged 
from 16 to 20 years. 


Apparatus and procedure 


The stimuli, projector and screen were the same as in Experiments I and II. Stimulus 
presentations and durations between stimulus onsets were controlled by five timers. 
There were four blocks of trials. Each subject was given ro practice trials before 
the first block and five practice trials before each of the remaining three. Each plock 
consisted of 44 experimental trials. A 1-sec. warning tone presented through earphones 
preceded each stimulus pair, as in the first two experiments. On each trial, the experl- 
menter selected the stimulus pair from among the alternatives KX, OO, OX and 
according to a pre-arranged schedule, random except for the restrictions described for the 
stimulus presentations in Experiment I. Each stimulus was presented for 40 millisec. 
Note that this is shorter than in the previous experiments, in which each stimulus was 
presented for 70 millisec. 


The ISIs were 50, 100, 150 and 200 millisec. The ISI was constant within each block 
but varied between blocks according to a Latin Square design, the cyclic permutations © 
50, 150, 200 and 100 millisec. Two subjects were assigned to each order. 


The instructions, response apparatus, and method of recording premotor and decision 
latencies were the same as in Experiment I. i 


Subjects d i , as in 
Riparian L j made choice responses 


Results and discussion 


Errors are tabulated in Table II. Mean premotor and decision latencies Were 


calculated as in Experiment I and subjected to analyses of vari in Square 
design; the trends are illustrated in Figure 3. ia aaa p 


TABLE II 

PER CENT. Errors MADE AT EACH INTER-STIMULUS ĪNTERVAL (ISI) 1n EXPERIMENTS 
III anp IV 

a 


ISI in millisec. 


50 . I00 I50 200 

. moa 
Experiment III .. Be is 6:0 
Experiment IV .. ie 13:7 ri) 68 8.0 


aot o d o o a‘ ‘M 


‘ In both analyses the main effect due to ISIs was significant ; for premotor latency 
( , 12) = 6'19 (p <o-or), and for decision latency F (3, 12) = 17-48 (p <0:001): 
Pigure 3 shows Bae = longest latencies occurred at the 50 millisec. ISI. Contrary t° 
e previous results, i 3 ; Arae 
Lo illisec. ere was no evidence of an increase in latencies when the IS! 
Figure 3 shows that the latencies were somewha: 
F | t longer when th s 150 
millisec. than when it was I00 Or 200 millisec. This pe was ER raphe due 
to the two subjects who received the 150 millisec, IST first; they in fact had longe! 
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FIGURE 3 
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“same” and “different” judgements at four 


Premotor and decision latencies for 
nt III. 


i i : eet 1 
nter-stimulus intervals obtained in Experime! 


latencies Sicco. IST than at-thie goimillisec. ISL. The first ‘block of 
trials, as pine A ae a meet three blocks, yielded longer latencies. The 
main effect due to block position was significant for decision latencies F G, ate 
26:73 (b <o-001). This may be attributed partly to practice, but this is not the 
pale explanation since the within subjects component of the interaction gaia 
lock positions and ISIs was also significant, F (6, 12) = 14:00 (p <o-001). Hd o 
not know why the latencies should have been particularly long at the 150 mi i 
ISI when it was presented first, but if we discount this effect the picture w. a 
Merges is that the latencies were virtually the same when the ISIs were 100, 150 an 
200 millisec., and were considerably longer when the ISI was 50 millisec. ath; 
_ “Same” latencies were shorter than “different latencies as in ee sen 
In Nickerson’s (1965) study. This difference was significant in bon an: sek see 
Premotor latency F (x, 4) = 58-8 ($ <o:01), and for decision ean pes FE 59 
b <o'or). The interaction between judgements and ISIs was also ba eee 
oth analyses; for premotor latency F (3, 12) = 6:38 ($ <oror), an 


a . ts of simple effects indicated that the 
OE FE tian pa a the ISI was HB millisec., but was significant 


eon effect was not significant whi 
e other three ISIs, in both analyses. Pode oath sanii 
o eee then, the results can be interpreted as indicating E e r 
a nite fico a aea a o wove (MES 
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increased at this ISI, and this increase was more marked for “same” than for “‘differ- 
ent” judgements. The principal difference between these results and those of Experi- 
ment I was that these effects did not occur when the ISI was 100 millisec., as they did 
in Experiment I. The reason for this discrepancy is probably that the stimulus 
durations were shorter in this experiment than in Experiment I. We shall return to 
this point in General Discussion. 


EXPERIMENT IV 
Subjects 


The subjects were eight students employed for summer research. 
from 15 to 19 years. 


Apparatus and procedure 


The apparatus was the same as that used in Experiment III. Stimulus presentations 
were also the same, except that each subject received the four blocks of trials twice, On 
consecutive days. 

The instructions to the subjects were the same as in Experiment II; that is, they were 
instructed either to make a response if the stimuli were the same and to withhold response 
if they were different (‘‘same only”), or to make a response only if the stimuli were different 
(‘different only”). The subjects were divided into two groups of four; one group received 
“same only” instructions on the first day of testing and ‘‘different only” on the second day, 
while the other group received “different only” on the first day and “same only’’ on the 
second. On each day, each group received the four ISIs. The ISIs were balanced across 
subjects in a Latin Square design, which consisted of the cyclic permutations of 50, 150, 200 


Their ages ranged 


and 100 millisec. 


Results and discussion 


The errors are tabulated in Table II. Mean premotor and decision latencies were 
calculated for each subject at each ISI for each day. Analyses of variance of these 
data posed a problem. The experimental design consists of iwo Latin Squares, one to 
balance the order of receiving the different ISIs, the other to balance the order of 
receiving different instructions (“same only” and “different only”). If the variance 
is fully analysed there are no error terms for testing significance since each subject 
received a unique sequence of treatments. In carrying out analyses of variance, 
therefore, we ignored possible order effects associated with presentation of ISIs, 
effectively treating ISIs as a simple repeated measures variable. As a result, oUt 
tests of significance should be too conservative, if anything, since the effects of 
different orders or block positions might be expected to inflate the error terms but 


not the main effects of our analysi i i 
r lysis. We retained t} yo Latin 
Squares in our analysis of variance, h oa coer 


owev itti í res 

between the two testing days. wen permitting a gamiparigon o 228 
The mai Ee $ 

F (3, 28) ain effect due to ISIs was significant in both analyses; for premotor latency 


= 12-19 (p <o-oor), and isi F = .001)- 
Teas alear om Boas ), and for decision latency F (3, 18) = 10:90 (p <0 00) 


e 4 that latencies were the longest at the 50 millisec. ISI 
e r between means using the Newman-Keuls racadura indicated that mean 
atencies at the 50 millisec. ISI were significantly (p <o-or) longer than those at 
the other three ISIs. In addition, mean decision latency at the roo millisec. ISI 
differed significantly (p <o-0r) from those at the 150 and 200 millisec. ISIs 

The judgement effect was not significant in either analysis. However the inter- 
action between judgements and ISIs was significant in both: for premotor latency 
(3, 18) = 23-92 (p <o-oor), and for decision latency F (3 38) = 9°03 (p <0-001): 
The nature of this interaction is illustrated in Figure 4. “His dlear that “same” 


judgements became increasingly longer relative to “different” judgements as ISIS 
decreased. 


DISCRIMINABILITY AND JUDGEMENT TIME 
E 39 


FIGURE 4 
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inter-stimutu and decision latencies for “same” and “different” judgements at four 
us intervals obtained in Experiment IV. 


= nO A 
disctiminghin ee the results are once again co 
striking ability decreased as the ISIs decreased. As in the previous experim' 
contrast was between the 50 millisec. 


and 20 pan 
20 millisec, ISIs on the other. Though there was some evidence that decision 


, were longer at the 100 millisec. ISI compared 
his comparison was not so marked as it was in 
tical difference between this experiment 
shorter in this experiment. 


Fi GENERAL DISCUSSION 
Pen SEs 

e = it is clear that both premotor and decision latencies showed virtually the 

Oveme nds, indicating that subjects made the decisions before initiating the finger 

nt. If there is a discrepancy between the two, it is that practice effects 

than for premotor latencies, suggesting 


Were 
Tat Fai > 
her more marked for decision latencies 
mponents 


otor 

Otor H: tency as well, and so we infer that t 

E SS ara common to both measures. 
e term “decision latency” to refer to these common, pre 
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Our results confirm that the decisions “same” and “different” have sh 
latency characteristics. In Experiments I and III, where subjects es ck eee 
judgements, “same” decisions were generally faster than were different” ate ei 
This is consistent with Nickerson’s (1965) result but not with that of Bindra n 
(1965), who reported the opposite result. If, however, as these authors De z 
discriminability is the important variable determining relative speed of “same e 
“different” decisions, then our result is as expected. The stimuli we used were visu : 
and easy to discriminate, like Nickerson’s, but unlike those used by Bindra i . f 
(1965), which were auditory and difficult to discriminate. i However, the results o 
Experiments II and IV, in which subjects made “recognition” responses, ae mo 
equivocal. In Experiment II “same” decisions were the slower, though not signi i 
cantly so. This could have been due to sampling bias. In Experiment IV = 
decisions were the faster at all but the 50 millisec. ISI, but again the difference wa: 

t significant. * 
ve Gf rior interest than the overall differences between “same” and “different 
latencies were the interactions between judgements and ISIs, significant in all but 
Experiment II. In each experiment the increases in latency at the shortest ISI pie 
more marked for “same” than for “different” judgements. If it is assumed tha 
discriminability was lowered at the shortest ISIs, this can be taken as further con 
firmation that reducing discriminability increases “same” latency more than ‘‘diffet- 
ent” latency. In terms of decision theory models of choice reaction time (€-8- 
Stone, 1960), it appears that the criterion for making “same” decisions becomes 
relatively more stringent than the criterion for making “different”? decisions aS 
discriminability decreases. This interpretation has been elaborated by Bindra 
et al. (1965). 

It is likely that reduced discriminabilit 
One reason for supposing this to be so 
of stimulus duration as well as of ISI 
letters presented in rapid success 
stimulus durations increase. 


Were not observed until the ISI was teduced to 50 millisec. Note also that errors 
were generally more frequent ), though they were to? 
few for comparisons to be reliable. 

Our results differ in certain important respects from those of Davis (1964), 
although they are superficially similar in that they show increased latencies for sho’ 
ISIs. For example, Davis observed a reversal effect at the very shortest ISI undet 
a “regular interval” condition in which ISIs remained constant within blocks © 
trials. Under this condition reaction times were longest at the second shortest ISI 
(160 millisec.) and decreased again at the shortest IST (35 millisec.). This reversal 
effect did not occur under a “random interval” condition in which ISIs varie 


der this condition 
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Would not expect masking t ; 
tix terms n g to have occurred. Davis explained the re 
od edy p ta by arguing that when the ISI is Hia a 
will be short hie. can raed ae condition) the subject knows in advance that ie 
no t analyse ema. each pair of stimuli as a single perceptual unit and so need 
no i 
ra ee between our results and Davis’s is that much shorter ISIs were 
ireased as oduce latency increases in our experiments than in his. Davis found 
for SERA nis when the ISI was 160 millisec. and each stimulus was presented 
which latens A his contrasts with the results of Experiment III of our study, in 
general, Paad ors did not occur until the ISI was reduced to 50 millisec. ; In 
related to os tg no suggestion at all from our results that latency increases were 
contrast, cannot b intermittency with a period of 300 millisec. Davis’s results, by 
hypothesis a ot be explained in terms of masking but are wholly consistent with the 
When the sti conira intermittency. it is possible that intermittency occurs only 
Davis, es ee are presented to different spatial locations, as in this study by 
experimental 7 they are presented to different sense modalities (Davis, 1957). These 
Phrase, bete Situations may involve a switch of attention, in some meaning of the 
spa hic stimuli. On the other hand, if the stimuli are presented to the same 
single et ion, as in our experiments, they may be automatically ‘‘grouped”’ into a 
a ceptual unit for all ISIs less than 300 millisec., and not just when ISI is very 
ju ithe this is so in other situations, for example, when same-different 
the e are not involved, or when ISIs vary randomly from trial to trial so that 
a ject does not know in advance what ISI he will receive, remains to be investi- 
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SELECTION IN VISUAL IMMEDIATE MEMORY 
BY 


J. M. VON WRIGHT 
From the Department of Psychology, University of Turku, Finland 


The sampling (partial report) technique of Sperling (1960) was used to say m 
efficiency of selection of letters from visual immediate memory (sensory storage). Poa 
tion by location, chromatic colour, achromatic colour, and size was fairly efficient w aie 
selection by orientation was difficult. Some parallels between selection in visual immi 
ate memory and selective listening are briefly discussed. 


INTRODUCTION 


(x) In the models proposed during recent years to account for the experimental 
data on short-term memory and selective attention, a distinction is usually RE, 
between two kinds or stages of immediate memory: a sensory or pre-perceptu 
storage which decays rapidly with time, and a post-perceptual storage of substantially 
longer duration (e.g. Broadbent, 1963; Melton, 1963; Mowbray, 1964; Murdoc i 
1966). The former will here be called VIS (visual information storage) when visua 
stimuli are used, the latter being called STM (short-term memory). Information 
available in VIS decays rapidly unless it is processed—read out, responded to—the 
maximal storage time with a bright post-exposure field being 200-300 millisec. 
(Averbach and Sperling, 1961; Sperling, 1963). Uncategorized auditory signals 
appear to be available somewhat longer, approx. I-2 sec. (Treisman, 19644). 

Sperling (1960) has demonstrated that significantly more information may be 
available in VIS than can be “read out” from it and reported. His technique was, 
briefly, as follows. The subject was shown tachistoscopically an array of items an 
asked to recall a part of the array, the signal specifying the part to be reported being 
given after the termination of the visual presentation. This method samples the 
information that the subject has available when the selection signal has been pro- 
cessed. The total amount of information available can be estimated from the sample- 
This estimate, called partial report, may be compared with the number of items the 
subject can report in a traditional immediate-memory test (whole report). ane 
difference between the partial and whole reports provides an estimate of the amount 
of information that was available in excess of that which could be reported; it also 
provides a crude measure of th 


e efficiency of the selection process. A 
For the present purposes, Sperling’s procedure can be described in general term 
as follows. The subject is instructed to perform t 


1 wo successive tasks: (a) to select 
(from VIS), according to a specified criterion, a part of the stimulus array, and 


to report certain characteristics of the selected material. In all but one of the 


experiments the subject was instructed to select the row or column indicated by 2 
signal, and to report the letters in 


l to that row (column). Thus Zocation was used 
selection criterion, and letters reproduced in correct position as response criterion. n 
these as well as in subsequent experiments selection by location has proved efficient, 
so long as the selection signal is given within a fraction of a second after the termina- 
tion of stimulus presentation. In favourable conditions partial reports three times 
greater than the corresponding whole reports have been obtained (Sperling, 1963)- 
In one experiment, however, Sperling (1960, Exp. 6) used a different selectio# 
criterion: the stimulus array consisted of letters and numbers randomly intermixe® 
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and the subject’s task w : 
lactic, te ea 7 as to report either the letters or the numbers. In this case 
than their wh : the subjects’ partial reports were only negligibly more ac t 
nti whole reports of the same material p 
tote dond asi pe eg in experiments on selective listening that subjects are able 
ein o2 ly to one of two simultaneous auditory messages if these differ in 
rum cas A Saia such as spatial position, whether real or apparent, frequency 
verbel rer a (see review in Treisman, 1964b). Selection on the basis of the 
physical eh = p the messages, on the other hand, is difficult so long as the general 
di dieren a eristics of the messages are similar, even if the two messages are, e.g. 
support the ee known to the subject. These results have been taken to 
bent (1958) ype os model for selective attention which has been proposed by Broad- 
messages a his model postulates a “selective filter” which passes or rejects 
“full ek umarily on the basis of their general physical characteristics, prior to the 
The mo of any message. 
siege RS type of experiment differs in at least two important respects from 
oman eson selective listening: in the former the subjectis given a “single burst of 
whereas "tae the selection signal usually being given after the stimulus presentation, 
instructed he latter he has to respond to a continuous information input and is 
iere a advance which message he has to select. In spite of these differences, 
e lass seem to be of some interest to study the extent to which the 
emai istics of selective listening (including the fate of the rejected messages) have 
(3) yom in the selection of material from VIS. i 
different Ae study is concerned with the efficiency of selection in VIS when 
chromati selection criteria are used. | In the experiment reported below, location, 
Teek c and achromatic colour, size, and orientation are used as such criteria. 
ee raa differs in one crucial respect from the long series of studies in which 
ofa s conte been asked to attend to and report selectively various characteristics 
In the “i sor array (e.g. Kiilpe, 1904; Chapman, 1932; Harris and Haber, 1963). 
experim er the response criterion was systematically varied, whereas in the present 
correct ent it is kept constant. The subj ect’s task is in each case to report letters in 
varied position; only the criterion according to which the letters are selected is 


GENERAL METHOD 
me as in Sperling’s (1960) study. 
th a mechanical timer. Viewing 


T) s 
he experimental situation was essentially the sa: 
ld was dimly illuminated with a 


The 
Was DEP aratus was a two-field mirror tachistoscope wi 
fixation Suar at a distance of 50 cm. The fixation fie 
n Point in the middle. 
he the Subject was instructed t 
Too mine sed a button whic! 
deliver lisec, Five millisec. after th 
1500 €d to the subject through earphones. 
CPS or 300 cps. 


Su 
timulus material. The stimuli were | 


o look at the fixation point until it was clearly in focus; 
h initiated the presentation. The exposure time was 
e termination of exposure a selection signal was 
The signal consisted of a short pip of either 


hoy, “eects. Fourteen undergraduates served as subjects and were paid for this by the 

Rew on Each subject participated in six t-hr. sessions. Four subjects were replaced by 

Teports a since they found it difficult to adapt to the experimental situation, their whole 
eing consistently less than three letters. 
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Procedure. Each subject participated in four different experimental conditions. 
Each condition included (1) series of presentations in which the subject was instructed 
to report as many letters as possible (whole report), and (2) series of presentations 1n 
which only letters specified by the selection signal were to be reported (partial report). 
In the latter case the subject was told that a tone would be sounded approximately 
simultaneously with the exposure. If it was a high tone he was to report all the letters 
having a certain characteristic (e.g. all green letters, or all small letters). If it was 2 low 
tone, he had to report all the letters having another characteristic. 

Series of 10-25 trials were grouped together without change in conditions. Whenever 
conditions were changed, 'a number of preliminary trials were given to make sure that the 
subject interpreted the choice signals correctly. No systematic changes in performance in 
any conditions were found after the second session. In the final analysis, only the results 
from the last three sessions were included. During these sessions the rate of stimulus 


presentation, determined by the subject himself, was on the average three stimuli per 
minute. 


The responses were recorded on specially prepared response sheets. These were 


placed on the table immediately below the tachistoscope. The subject was instructed 


to write down the letters immediately on hearing the choice signal, the room illumination 
being adequate for writing. 


Scoring. Every report was scored both for the total number of letters which agreed 
with those in the stimulus array and for the number of letters reported in their correct 
position. These two scores were closely parallel for all subjects but one. The second 
of these scores (letters in correct position) are tabulated in Table I. For the whole repo” t 
condition these scores are given as such. For the partial report condition a procedure 
corresponding to that used by Sperling (1960, p. 7) was employed in order to obtain an 
estimate of the letters available to the subject: the proportion of correctly reported letters 


I ; al 
gator eal in the category to be selected was multiplied by the total number of letters 


EXPERIMENTAL CONDITIONS 
Five different conditions were used. 


I. Selection by location. The subjects were instru 

: $ cted to report in the top 
e EOT F R ce eagle o the Selection signa Laas 
ere ea mep one of Sperling’s (1960) experiments, and was included as * 


In E PERS K ree Two colours were used for the letters on each stimulus card. 
any f A ca E al o e letters were of one and the other half of another colour. I 

the 3/3 3 f roa oue ini hie of one and five of another colour. The location of the 
was given an equal set - Red, blue, and yellow were used as colours. Each subject 
bled is pues k nm er of stimulus cards with each of the three two-colour com ina 
ee irda aod meei te sin showed that there were no significant or clear-cut 
colours. colour pairs; consequently the scores were combined over 


III. i i i 

des rf HE Neca est Li eg colour. The letters on the stimulus cards were draw? ee 
23 per cent.) and 23 fences © ber I corresponding to colour proofs 12 (reflectanty 
‘Atlas (1952). per cent.) of the grey-scale in Hesselgren’s Colour 


IV. Selection by size. The letters on the stimulus cards were drawn in two different 


sizes, 10 mm. high and 6 mm. high, res i i 
k . , respectively. T) i 
of any two adjacent letters was 15 mm., PE SA By op el gietes ee 


V. Selection by orientation. Two types of stim é 
pues were drawn in an upright position, the AS ie ae gea a half 5 th 
right (—45°). B: half of the letters were drawn turned 45 ac ig 45 pereon a 5°); 
the other half being drawn turned 45 degrees to the left ( Pas) tes ie righ (T kolá 
to report (reproduce) the letters in any orientation they found ¢ esa ccs Ton ipe 
were almost invariably reproduced in the usual upright pto yg sete 
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AE : RESULTS 

r s are shown in Table I. In Conditi i 

anigi » In ition I, the partial igni 

eke oe than the whole reports for each subject (¢ mets in Seer ee 

Sperling (ibe, pai reports are on the average lower than those obtained by 

Spineni a able 3). This might be due to uncontrolled differences between the 

dilina caer Pease the intra-individual differences between the two 

in : $ Rigs A 

by location is highly pei ing’s and in the present study, indicating that selection 
n Condition IT the differe i 

cant i ifference between partial and whole reports is highly signifi- 
(p <o-002) for 10 out of 12 subjects; for several subjects the patente 


two t 
alela « = npon do not even overlap. The results indicate that letters can be 
air efficiency from VIS when (chromatic) colour is used as selection 


criterion, 
In oye 
ie eerie i III the difference between partial and whole reports is highly 
as or two subjects out of four, and barely significant for one. In Condition IV 


this diff A, 

ae ao is significant for all subjects, although barely so in one case. In the 

: tion only two shades of grey, and in the latter condition only two letter 
st that selection by “greyness” and by 


Sizes 
delice sige nsen However, the results sugge 
than can occur with some efficiency, although it a eared to be more diffi 
: selection by chromatic colour. : Ex r 
n am 
report eno V none of the intra-individual differences between the two types of 
Beards ‘ee approached significance. It may be noted, however, that with the 
subjects ne whole reports were somewhat greater than the partial reports for all 
. With the A-cards all subjects reproduced more “turned” (—45°) than 


Uprigh: 3 
'Pright letters in the partial report condition, but none of the differences were 
the same number of letters in 


Signifi k 
each a With both types of cards, approximately 
sheo on was reported by all subjects in the whole report condition, the 
üs m oet invariably adopting a selection-by-location strategy (see below). 
ue to a ack of differences between the two types of report can hardly have been 
orientation, differential difficulties in perceiving or reporting letters in different 
h ; 
Tepo, ee of clear-cut or consistent 
i e iafes that selection of letters 


en the partial and whole 


differences betwe 
heir orientation is 


from VIS on the basis of t 


coneiny inspection of Table I shows that the jnter-individual differences were fairly 

tended a t over conditions: subjects who performed efficiently in one condition 

ow Sha do so in other conditions, too. Two subjects (b and d) had comparatively 

the sam ial report scores in all conditions. The former remembered on the average 

locatio e number of correct letters as the other subjects but made a great number of 
m errors. The latter subject changed her observation strategy repeatedly. 


DISCUSSION 
differences betw 
n be taken as evidence O0: 
letters from an array can occur 
Jour, and size as selection criteria. 

to be difficult with the presen 


nditions IIT 
were used; 


een a subject’s partial and whole 
f efficient selection, the 
efficiently with 
Selection 
t type of 


oe the extent that significant 
resent of the same stimulus array ca 
tabi ce show that selection of 
y “ee colour, achromatic co 
Stimuli. ation, on the other hand, appears 
N f Md ae 
and Roli conclusions can be drawn from the data obtained in Co 
since only two degrees of grey and two letter sizes, respectively, 
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TABLE I 
AVERAGE WHOLE REPORTS AND PARTIAL REPORTS 


—— ee 


Stimulus Partial | Whole 
Selection criterion | Subject card n report | report Diff. $ 
Te f 4/4 20 50 31 1-9 0-001 
Location g 4/4 20 6:8 40 28 o-00L 
h 4/4 30 6-9 42 27 o00L 
i 4/4 30 6-9 44 2°5 o-0oL 
j 4/4 30 65 4'0 2'5 o-0ot 
k 4/4 30 6-9 4I z8 o'ooI 
Mean 65 4'0 2'5 
~~ Oena 
Il. a 4/4 30 62 30 3:2 o-0ol 
Colour b 4/4 30 4:0 3°4 o6 — 
3 4l4 30 63 32 3'I o-oo 
4/4 30 46 38 08 o:10 
f 4l4 30 79 | 37 33 || goon 
3/3/3 60 5°8 370 28 0:001 
g 3/3/3 60 6'4 3'8 26 o'oo1 
h 3/313 60 66 41 25 0-001 
1 3/313 60 5'2 36 r6 oʻoo1 
j 3/3/3 60 6-1 37 2'4 0'001 
k 3/3/3 60 5'2 3-6 1-6 0-001 
1 3/3/3 60 5'4 3'5 19 0-001 
Mean 57 3: ; 
5 22 | ao 
TII; a % ‚001 
Achromatic colour b ai A A 53 ae ~ 
c 4/4 20 53 ps y o-oo 
Mean 4/4 20 44 33 rI 0'05 
+9 3°6 el a 
Ia a 4/4 20 5:2 3I 21 0-001 
b 4/4 20 45 36 og 0'05 
5 Aa 20 52 36 r6 0-001 
Mean 4/4 20 = 4 m3 ool 
eee 
We A. 
Orientation b 4l4 28 44 3°8 0-6 ae 
0° vs, —45° b 4l4 20 Are 37 04 Ega 
a o] H m 20 46 42 o4 — 
Mean aut ex pe 3% =20 fà 
VES q 
Orientation b pi Ro 3'2 3'8 —o-6 = 
PIE ME EE hoo E lazer | 
d 5 oe 
Men 4/4 Io i T 06 — 
‘ —o-5 


n = Number of observations from which the individual means were calculated. 


= results only show that fairly efficient selection can occur. Some pilot trials with 
different size-pairs Suggested, as one might expect, that the ease of selection by 5” 

isa function of the (subjective) difference between the sizes involved, but there is ” 

precise information on this relationship. pa 


The intra-individual variance of the partial reports was on the whole inverselY 
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Tela 
ae ay accuracy of these reports in Conditions I-IV: the variance was 
pene: nice ition I and greatest in Condition III. In the last mentioned case 
letters al cent. of the responses were complete failures, i.e. contained no correct 
Bo sbec ae anes failures never occurred in Condition I, and occurred only in 
Ano Ae i ondition II. The variance of the whole reports was small throughout 
fie de p ete failures occurred. In fact, the intra-individual variance appeared 
The te ent on the observation strategies adopted by the subjects. 
Cale of oe strategies of the subjects are obviously important for the out- 
TRA xperiments of the present type. Anticipation of a particular selection 
subjects Š a guessing strategy, was more frequent in the first session than later, the 
e ee, becoming convinced that it was impossible to outguess the 
tion 1T) mi However, when selection was found difficult (for instance in Condi- 
variance ( e jects occasionally reverted to guessing. This greatly increased the 
inthe ol and led to occasional complete failures), and tended to make for a decrease 
correspo = of the correct responses in a sequence of trials. Sperling (1960) reports a 
cle nding increase in the use of the guessing strategy when the instruction 
S 1on signal) was delayed. 
ia subjects described their usual strategy during late sessions as one of “just 
ie a or the signal.” An incidental observation suggests that this description may 
durin the very apt indeed: for two subjects the selection signal was once omitted 
subject e last (sixth) session in a partial report trial-series. In neither case could the 
Teport anything at all of the stimulus array except that it had been visible. 


5 MA The differences between the partial and whole reports were greater when 
ion was by location than when other criteria were used. At least two factors 


contributed to this: 

(a) When a subject has to select a row of letters from an array with several 
Tows, he usually reads it out from left to right, and writes it down on the 
Tesponse sheet in the same order. Even if the letters are not read out in 

s for each remembered 


order, there are comparatively few possible location: 
letter in the row. With selection criteria other than location the letters 


to be picked out were randomly distributed around the array, and the 
Uncertainty as to the location of each remembered letter was much greater; 
locating the intended position on the response sheet also took more time. 


In fact several subjects in the present study complained about the difficulty 
of the letters. If we tabulate the number of 


of remembering the location ta ( 
letters correctly reproduced without regard to position, the mean partial 
Teport scores of all subjects in Conditions I-IV are significantly higher than 


the corresponding whole report scores. 
judged to be particularly easy, and was spon- 


(2) Selection by location was i 
taneously adopted when there were no instructions to the contrary. In 
the whole report condition the subjects almost invariably reported either a 
Tow or a block of letters, and when “stray” letters outside this row or block 
Were included in the report they were incorrect as often as not. 


(3) The experiments by Sperling (1960) and by Averbach and Sperling (1961) in 


Ww i : . 
hich the delay before the selection signal was systematically varied show that the 
e that the faster and simpler the 


Co; 

Rn of VIS decay rapidly. Thus we may assume th faster ai 1 
the ess involved in “selecting items according to a specified criterion, the greater is 
i umber of items that can be selected for further processing within the limited 
between the partial and the whole 


© available. That is to say, the difference 
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i ion of how rapidly the initial selection occurs, and may give some 
ee so ihe time it enS decide whether or not a given item belongs to 
3 pom eton to be difficult when letters or numbers had to be peye 
selectively from an array containing both (see above). This could be accounte! =| 
by the fact that it is difficult to distinguish between (written) capital letters th 
numbers on the basis of their general physical characteristics; thus each item 10 “8 
array might have to be identified—analysed in full—before categorizing can eat 
It is possible that the same is true for the items in the present Condition V, i.e. t p 
the letters had to be identified before their orientation could be determined, erat 
letter-shapes contain a variety of differently oriented parts. (An alternative inter 


pretation would be that analysis of orientation is a more complex process than analysis 
of colour or size.) 


bass Sn ' ive 
The results are in some respects similar to those obtained in studies on selectiv" 


listening. In both types of experiment subjects are able to select or to ignore items 


efficiently on the basis of their general physical characteristics, whereas selection 


appears to be difficult when it requires a more detailed identification of the items 
presented. 


I wish to thank Mr, Pekka K. Lehtiö for help and stimulating discussion at all stase 


of the experiment. The investigation was supported by a grant from the National 
Research Council for the Humanities. 
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SHORTER ARTICLES AND NOTES 
THE INTERPRETATION OF THE PASSIVE VOICE 


BY 


r P. N. JOHNSON-LAIRD 
vom the Department of Psychology, University College London 


It was H ? 
the thin hypothesized that sentences in the passive voice em. hasize the i rtan 
gs referred to by their grammatical subjects to a S ler extent ERRER $ 
te mple diagrams to represent two sen- 
Be eras could be taken as an index of import ee EQ, 
eau x ofimportance. In Group 5%, the senten i 
R ed a arrangement of colours, eg. “Red follows Blue,” “Blue is en 
Red jis followel co, they specified converse arrangements, €.8. “Red follows Blue.” 
tend to be r, ed by Blue.” The predictions, that (i) the subjects of all sentences would 
Would be re epresented as larger than the objects, and that (ii) the subjects of passives 
presented as larger than those of actives, were confirmed. 


ie Does tha seas INTRODUCTION 
it does assive mean the same as the active in English? Some lin ists clai 
McMahon {x Katz and Postal (1964), and others, e.g. Chomsky (1957), that it dose T 
than the ac (z963) and Slobin (1966) have shown that the passive is harder to understand 
whether jt ve; and so, since the passive has not fallen into disuse, it is sensible to question 
Grammatical sab, for merely stylistic purposes. The passive reverses the order of the 
Omitted alt subject and object of the active, and it also 
altogether, e.g. “The plot was discovered.” It seems, 
Subject. Th emp lative importance of whatever 
object ae is chosen when its subject refers to a more predomi 
Production d. this difference is sufficient to justify the presuma 
ien there lemands. It follows that the active is used when its subject predominates or 
lace is little difference in the importance of the entities denote: 
f thi 
The tacts, hypothesis is true, then it will also apply to the way sentences are interpreted. 
Sentences D. the present experiment was interpretative: the subjects had to illustrate two 
Subject and y simple diagrams. On the assumption that the size of the areas representing 
object provides an index of importance, it was predicted :— 
reas than their 


(i 3 
) The subjects of the sentences would be represented by larger a 


(i objects. 
u = > 
) This difference would be greater for passives than for actives. 
METHOD 
r on which were drawn two long narrow 
tangles wi 


es by colouring the rec 
at “somebody else” would 


Desi, 
be tgn. Two Groups were used in order to vary the degre 
a difference in meaning betwee! 


likel: 
Y to search explicitly for 1 
ive sentence which referred to equiv’ 


Teceiv 
Colours pve an active and a pass! 


x Sa follows Blue. 
toup CO ue a followed by Red. 
3) Nit sentences which referre 
eae follows Blue. 
is followed by Blue. 


alent arrangements of 


d to converse arrangements of colours. 


Nee a 
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In Group EQ, the task was intended to elicit a difference in meaning between the RA 
voices: subjects would be forced to try to externalize the “‘rules’’ governing the usage Fa 
the active and passive. In Group CO; on the other hand, the task was intended to detec 
any implicit reliance upon such “rules.” It was accordingly predicted (iii) that the 
difference in subject area between actives and passives would be greater in Group EQ. 

Although each subject received only a single pair of sentences, these pairs were Svea 
matically varied to balance a number of factors. (a) In order to control for any direction@ 
effect inherent in the verb, half the pairs used the verb “follows” and the other half used 
“precedes.” (b) All the pairs referred to arrangements of red and blue, but they wete 
counterbalanced so that for each pair there was another pair which referred to the opposite 
arrangement of colours. (c) The order of the two sentences on the card was also balanced. 
Hence, there were eig 


ht different pairs for each of the two Groups, and subjects were 
allocated in rotation to them. 


Procedure. Each pair of sentences was typed in capitals on a slip of paper (8 in. X 
in.), and the two rectangles, 5 in. x ł in., were drawn one beneath the other on another 
slip (8 in. 


x 2in.). 
The subjects sat at a table on which were the materials, including a red and blue 
crayon. They were given the following written instructions :— 


“There is in front of you a pair of sentences that you must regard as different 
though similar messages. Your task is to produce two drawings—by filling in 
strips with crayon—so that the first drawing represents the first sentence and the 
second drawing represents the second sentence. Try to produce a pair of drawings 
such that, if they were given to somebody else, then he could correctly match the 
drawings with the sentences that they are meant to convey.” 

“Each drawing must entirely fill in its strip—so do not leave any blanks; and the 


join beteen the two colours must be a sharp vertical line—so do not use any arrows, 
etc. 


ii This serong Paragraph shy introduced after pilot studies to eliminate some of the more 
izarre solutions. Similarly, it was decided to allo j ‘og in view 
throughout. w subjects to have both strips 1 


Subjects. 


The data were provided by 32 undergraduat female) 9 
the Department of Psychology, University College ag eo ee 


; A They were all native: 
speakers of English and ignorant of the purpose of th i i j faile 
to obey the instructions and were ae pa eS ESR snbjects 


RESULTS 


The mean lengths in inches of the areas representi j ar 
_ The enting the sub tences 
given in Table I; the total length of each strip a 5 in ‘The e te re different 


TABLE I 
MEAN LENGTHS IN ĪNCHES OF SUBJECT AREAS 


Type of sentence 


a2 Groups Active Passive Overall 
Group EQ.. : < = 
Group CO.. es 3% 
Overall 


32 


verbs were combined as the difference between them 
involved in predictions (i) and (ii), though independ Nps i t 
magnitude.* Hence, nonparametric tents were Tse aro a ag age 


* The author is indebted to R. J. Audley for this observation 


as insignificant. The measure? 
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ose mean subject length, computed from the 


Table II shows the number of subjects wh 
an mean object length. A Wilcoxon 


acti i i 
ive and passive drawings, was larger (or smaller) th: 
TABLE II 


NuMBER 
OF SUB, 7 
JECTS WHOSE MEAN SUBJECT LENGTH WAS LARGER (OR SMALLER) THAN 
MEAN OBJECT LENGTH 4 


————r | Larger | Smaller Total 
roup EQ.. 
eee e 
M I 
== 
Total | 
ee AO à: -| 2I | II | 32 


test on , 

Prediction (i Wor data from both Groups was significant (p <0*0005, one-tail) 

objects ), that the subjects of sentences would be represented by larger areas than th > 

me pvas therefore confirmed. : 

smaller) thay shows the number of subjects who m: 
an their active subject. There was one ti 


ade their passive subject larger (or 
e in CO. A Wilcoxon test on the 


TABLE III 


Nu 
MBER 
oF SUBJECTS WHOSE PassIVE SUBJECT was LARG 
SuBJECT 


ER (OR SMALLER) THAN ACTIVE 


Groups Larger Smaller Total 
Group EQ 
. .. ws 12 6 
Group CO.. " ee 9 15 
2I 31 


Total a 


one-tail). Prediction (ii), 


<0'02, 
anced for passives, was 


Comb; 
oan ga from both Groups 
eref ifference between subjects d be enh 
ore confirmed. 
direction of prediction (iii), that the difference in subject 
be greater in EQ, a Mann-Witney test on the 
t i 5 
is feasible that those subjects W. prediction (i) 
priate contingency table derived 


was significant (Pp 
and objects woul 


would conform to 
from the combined 


TABLE IV 
RS OF SUBJECTS CONFORMING (AND NOT CONFORMING) TO 


Co: 
NTI 

NGENCY TABLE OF NUMBE: 
PREDICTIONS (i) AND (ii) 


Active subject 
larger 


Passive subject 
larger 


20 


Mean 
subject lar, 
ean object large 
Total 
+. 31 
put it was not significant 


correlation, 


data 
ong ofboth Groups. Itis evident 
ndall Rank Correlation test for two dichotomies. 


that there is some © 
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There was a tendency, as can be seen in Table I, for subjects to be represented by 


larger areas in EQ than in CO. This was unexpected, but it was not significant on 2 
Mann-Witney test. 


Qualitative results 


The “tactics” adopted by the subjects in EQ were relatively uniform. Of the 12 
subjects who conformed to prediction (ii), (a) eight made the subjects of both statements 
larger than the objects, with passive subjects larger than those of the active; and (b) four 
divided the strip almost equally for the active but made the passive subject larger than its 
object. One subject adopting the latter tactic claimed that the passive reversed the 
direction implied by the active, and his diagrams resemble those of a subject in co 
Of the four subjects who did not conform to prediction (ii), two adopted tactic (a) and one 
adopted tactic (b), but in these cases the active was illustrated by the diagram appropriate 
to the passive, and the passive by the diagram appropriate to the active. The remaining 
subject illustrated the active by dividing the strip into two equal areas, and the passive by 
placing an area of the subject colour in the middle of the strip surrounded on both sides by 
the object colour. 

The subjects in CO tended to represent the subjects of both sentences by slightly larger 
areas than the objects. Of the 10 subjects who did so, four conformed to prediction (ii), 
five did not conform, and one made the two areas equal. Another ‘‘tactic’’ was to div ide 
both strips at the same place and to colour them appropriately. This yielded two out of 
three results conforming to prediction (ii). Of the remaining three subjects, whose 
results were all in accord with prediction (ii), two adopted strategy (b), and one represente 
both sentences by a series of vertical bands of colour, with more bands of the subject 
colour for the passive. 


The majority of introspective reports were unrevealing. A few subjects in EQ came 
near to expressing the basic hypothesis. 


DISCUSSION 


The confirmation of the two main predictions supports t i is, which is 
unaffected by the failure to confirm the subsidiary sheng te denne three 
points which must be considered. Firstly, the experimental sentences used only TO 
verbs which stand in the relatively rare relation of denoting the converse of one another: 
The use of the passive to emphasize importance is perhaps less likely to occur when this 
emphasis could be achieved by using an alternative verb in the active voice; this ; 
suggest that the use of these verbs makes an especially stringent test of the hypothesis. 


Secondly, the subjects of the pairs of sentences i ; ereas 
in CO they referred to the ae colour. eo in EQ referred to different colours, yo 


This i is li d per 
formance only in relation to the subsidia is imbalance is likely to have affecte p 


E a a E ry prediction. It coul ntrolled PY, 
ae a pairs, i.e. one sentence with “follows” and oo t ther with “precedes: 
pgr tu iş yas eonidered to be premature, since subjects might have exploited difference? 
ern e bs themselves rather than between the two voices. Thirdly, the slig n 
arei Ae ms on jects to be represented by larger areas in EQ than in CO may have bee 
pron eden “en ' emphasize them in EQ in order to differentiate the diagrams. Any mn 
their opposite enia Tay an auxiliary aid, since the diagrams are differentiated 
m en = shown that a passive sentence does not necessarily refer to exactly 
eae eRe corresponding active. But this difference in reference mus n 
Beaten et ide apes in meaning. If differences between subject and object areas 0% 
Be tien as am x ei f predominance, then the basic hypothesis is substantially confirmes 
iowa sorie oe “ee roa noma eek e the sentence “Everyone 
not necessarily the same ones for everyone. On the a a EROA ag songs ngs 
Be known by everyone” would normally mean that it was e were known; 
ow are we to account for what Chomsky (1957) terms the “normal interpretation” f 
sentences like these? Clearly, it is due to word-order and in particular to aie order of p 
two quantifiers “everyone” and “some.” This order conveys which of the two uantifier? 
is the predominant one—which quantifier does the “binding” as the logi i tam E 
3 the effect of voice on word-order that is crucial rather than anyehing else, na is evident 
aoir ue oe examples, “Every song is known by someone” and “Gomeon® 


wou 
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‘The notion of predominance (or importance), ill-defined as it is, obviously involves the 
Socio-physical setting and linguistic context of an utterance—factors which will have to be 
taken into account by any semantic theory. What is predominant depends on who you 
oe you are, what you are doing, what you are talking about and to whom you are 

alking. 


This research was performed under the supervision of Dr. P. C. Wason, to whom the 
author is extremely grateful for much encouragement, many stimulating ideas and critic- 
isms, and a critical reading of an earlier draft of this paper. A report of the experiment 
formed part of the Ph.D. dissertation submitted to the University of London. An earlier 
Version of this paper was presented to a meeting of the Experimental Psychology Society in 


London on 13th January, 1966. 
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INSTRUCTIONS, SELF-INSTRUCTIONS AND PERFORMANCE 


BY 
SHEILA JONES 
From the Department of Psychology, University College London 


Four semantically equivalent instructions were used for a classification task, in which 
response was required to the larger of two classes of items. The variables in the aa gf 
tions were (1) the explicitness of the negative used to define the smaller class, and Me 
the order of reference to this class within the sentence. Superior performance was OD- 
tained with instructions containing “except” compared with those using “not,” regardless 
oforder. Analysis of the self-instructions generated by the subjects, prior to performance, 
indicated that their form was largely determined by the given instruction. Speed 0 


performance was related to form of self-instruction elicited prior to the task, but not to 
that elicited after completion of the task. 


INTRODUCTION 


In responding to an imperative sentence, the listener is only concerned with under- 
standing what he has to do, the syntactic form of the sentence is relatively unimportant. 
In formulating his self-instruction, the listener may rearrange, replace, or omit parts of the 
original instruction. Access to the subject's self-instruction, immediately before he 
responds, should give information about his encoding of the sentence content. Asking 
the subject what he is going to do (rather than what he has been instructed to do), before 
the task is presented, should reveal the extent to which the original instruction has been 
retained. During performance of the task, the self-instruction may be modified to corres- 
pond more closely to the response requirements. Asking the subject what he has bee? 
doing, after the task is completed, should elicit his own description of the task and the 
extent to which his initial self-instruction has changed. 

The present experiment seeks to determine the effect of syntactic variables in an 
instruction on the form of self-instructions and the extent to which these affect pet 
formance. A previous study by Jones (1966) of semantically equivalent instructions for & 
classification task influenced the choice of syntactic variables, An instruction of the 
form “Respond to all items except x, y, z,” was found to produce a large number of errors 
due to incorrect response to items x, y,2. Itwas hypothesized that a more overt reference 
to the negative response required to x, y, z, might reduce these errors. The alternative 
form of instruction “Do not respond to it z, respond to all the rest,” as well aS 
making the negative more explicit (by replacing “except” by ‘‘not’’) also reverses the 
order of reference to the negative class in the sentence. Rothkopf (1963) has shown that 
saving the order of clauses in a sentence affects recall and acquisition. It was therefore 

ecided to investi order of reference to the negative 
entence (first or second) ici 
forms “Except for items x, y, z, re ” i but 
motes ¥) an Werdin oa Ja , respond to all the rest,” and 


i i i i ed to 
investigate the effect of synta valent instructions were us 


METHOD 


Design. ï Y : 
MERL wee four subjects (32 men, 32 women) all undergraduate or research 


digits had to be marked by all 


Instruction Type N, 8, mark all the rest. 


N, Mark all the numbers but Not 2, 5, 8. 
IN, Except for the numbers 2, 5, 8, mark all the rest, 
IN, 


Mark all the numbers except 2, 5, 8. 
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ee digits used Were I, 2, 3, 4, 5 6, 7, 8 and these occurred with equal frequency 
an were arranged in different random order on each trial. The subjects were given no 
rmation about the range or relative frequency of the digits. 


äi a atevials. The same material was used by all subjects and consisted of four pages of 
gits, each page containing 12 rows of equally spaced digits (144 digits per page). 


pos a Each subject was tested individually and was asked to work as quickly as 
Sa sible, but at the same time to make as few errors as possible. A sample page of digits 
zas shown to the subject before the experiment began (and before the instruction was 


&iven). A demonstration was given of the method of cancelling to be used (a stroke through 
ed, and was asked not to correct 


ow digit). The subject was told that he would be time z 
ae One of the four forms of instruction was then given to the subject, written on a 
cate eee was told it would be removed before the task was presented. When he indi- 
eh, he was ready, the instruction was removed. The subject was then asked “Tell me 
Ree you are going to do?” His response was noted. The task was then presented. 

er completing four trials, which were each timed, the subject was asked “Tell me what 
you have been doing?” His response was again noted. 


RESULTS 


fo Effect of instructions on performance. The mean response times in seconds per trial 
5 T each form of instruction are shown in Figure 1. Fastest performance was obtained by 
ubjects with instruction IN, on all four trials. ‘An analysis of variance was carried out 
on the total times over four trials, in terms of a2 X 2 factorial design, with explicitness of 
Negative and order of reference to the negative class (first or second within the sentence), 

ificant factor, i.e. the implicit 


the two factors. Explicitness of negative was @ signi 
FIGURE 1 
x Ny 
90 e N2 
o INi 
A IN2 
S, 
o 5 
s h a perz 
e 


Mean time per trial (sec.) 
3 
‘ 


1 2 3 4 
Trials 

` Fa ; k. 

Speed of performance as a function of form of instructions for a ee ie wa tas. 
Instruction N,: Do not mark the numbers 2, 5, 8, pede i 
t not 2, 5, % 
Ny: Mark all the numbers bu A 
IN,: Except for the numbers 2, 5, 8, z all the rest. 


IN,: Mark all the numbers except 2, 5, 
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Š :025) than the 

faster performance (F = 5-42, d.f. = 1, 60, p = 0 ae 

pass Sg ch “Onde of reference to the negative = hag oa np, pe m 

ce igni r hief comparison of interest was betwe 8 

not a significant factor. The c a EA E A 

“ bers except 2, 5, 8” and (N,) “Do n a et 

ee pape ras PTh were the two forms initially suggested as commonly a 

aie s ee Po task. Orthogonal comparison of overall time scores | gay 
Senie faster performance under form IN, than N}. (F = 6-11, d.f. 1,60, p = 


Errors 


iti igi issi d separately from 
de on the positive class of digits (omissions) were analyse ra 
ES peresponding incorrectly to the negative class of digits (false positives). 


th : c- 
Omissions. The percentage of errors on the positive class of digits was 0-24 for instru 
tion type IN,, 0-28 for form IN,, 0-19 for form N, and 0-36 for form Np. 


á upm -23 for 
False positives. The percentage of errors on the negative class of digits was 4'23 
instruction form IN,, 3-65 for form IN,, 3-56 for form N,, and 5°64 for form Na. lea 116 
Comparisons between percentage of errors for different instruction forms revea 
significant differences for either type of error. 


Initial self-instructions (prior to performance). Verbal responses to the geno 
“What are you going to do?” obtained from subjects, immediately before the ee ‘ell 
presented, were analysed in relation to the given instructions. The e hade 
into three main types (a) those closely resembling the given instruction (n = 23), ( yas 
resembling one of the other three forms (n = 23) and (c) those in which zeierenoe wg 
made only to the negative class of digits (n = 18). (Of the latter, 12 were abbre a 
forms, i.e. “not 2, 5, 8” or “except 2, 5, 8” and six omitted the negative prefix altoge 


TABLE I 
RELATIONSHIP BETWEEN INSTRUCTIONS AND INITIAL SELF-INSTRUCTIONS (n = 64) 
Initial self-instruction type 
N, 
Instruction type o 
o 
o 
3 
Se 
3 


self-inst were classified as N, or IN, according 4 
cit or implicit. Those in which the negative was omi 

1 y half the sampl 

IN, and this form of instructi 


(13 out of 16). Forms IN 
3 subjects retained the fo 


tained by the largest proportion of subje¢ 
1 and N, were both retained b; aol x6 
by any subject as self-in: 


y 10 out of 16 subjects, but ony 
(The fact that form N, was not chosen spontaneou of 
Suggests that it would rarely be used in this tyP® 
Subjects with instructions containing “except” 
in their self-instruction. 
marked tendency to replace it with an implicit ne 
quarters of the sample retaine 
in their instruction, and the o 


A significant number of subj 


IN y 
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Initial self-instructi 

t ~ tions and d i 

teélasein truc speed of performance. Time sco j 

N, Sea “4 according to the type of self-instruction chosen. (The F aE fo a 

cael BE the de rom ing aes as mo subject chose this form spontaneously.) Within 

i z 1 forms of se -instruction, IN, (x = 15), IN, ae 

their ae a a ie wom in time scores ae those E te 

that altt uction and those who changed their given forms. Thi 

speed ate the form of instruction influenced the choice sbi stenction ee 

varie — was determined by the type of self-instruction used. ý = 

foun TH A verall speeds under the three types of self-instruction were 258-8 sec for 

in Gros ni 05 1 sec for form IN,, and 340-3 sec for form N,. These speeds correspond 

parison of si, amccog to those found for instructions of the same form (Fig. 1). Com- 

Of negative t $ seor for subjects using forms IN, and N, enabled the effect of explicitness 

A cora parissa e determined directly. No significant difference in speed was found 

and N. with Miles made between the combined time scores for self-instruction forms IN, 
1 ose for the preferred form of self-instruction IN,. Speed of performance 


Wks ara 
He, faster under form IN, (Mann-Whitney, z = 2°16, p = 0°03). 
completing Page agg (after performance of task). The responses from subjects, after 
is qu mat e task, to the question “What have you been doing?”, were analysed. 
lesiones ion was put only to the final 48 subjects of the sample.) The majority of 
similar t (43 out of 48) were complete sentences, the remainder being abbreviated forms 
o the types of self-instruction elicited before the task was presented. j 


TABLE II 
RELATIONSHIP BETWEEN INITIAL AND FINAL SELF-INSTRUCTIONS (n = 48) 


Final self-instruction type 
: IN, IN; N, N: n 
E self-instruction IN, 2 5 I I 9 
IN; I 19 3 2 23 
N, 2 6 5 I I4 
Ne o 2 o o 2 
\ SS Ee 
5 32 | 9 a 48 (N) 


Sie ed ee 
-instruction. 


Tva se II shows the relationship between initial and final forms of self. 
N irds of the subjects (7 = 32) gave final instructions of form IN,. Comparison 
ange to this form after 


wit 3 : 
h the subjects’ initial self-instructions showed a significant ch x 
Time scores for the 48 subjects were 


ea ee (McNemar test: z = 1°94, $ = 0:026). 1 
alysed in relation to the three main types of final self-instruction. The average 
form INg, 3050 sec. for form IN,, and 322:8 sec. for 

ve and order of reference 


Ovi 
Baa speeds were 293°4 sec. for 
to the 2. Comparisons of scores in terms of exp) 
e negative class showed no significant differences. There appe 
d final form of self-instruction. 


shi 
1P between speed of performance an 


DISCUSSION 
licited prior to the task coincided 


wn = finding that the self-instruction most frequently e i i 
mental e optimal one for efficient performance may be related to the particular experi- 
or i conditions used. Linguistic habit (Miller, 1964) could account for the preference 
self e form “Respond to all the items except x, y, z,” in the present context. This 
i ay nstruction implies a division into two classes—the larger class consisting of positive 
ne ae The majority of the other self-instructions were prohibitives referring only to the 
Bribie class of items, e.g. “Do not respond to x, y, 2 » Bifermann (1961) has shown that 
Would itive connotations associated with “not” contribute to response latency. This 
self; o ccount for the reduction in speed obtained with the more prohibitive type of 

na tions. e E i 

inal self-instructions, elicited after com Jetion of the task, showed an increase 

Preference for the form “Respond to all items except x, y, Z Almost all the final 
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self-instructions were complete sentences and this, together with the finding that the 
forms chosen were unrelated to previous performance, suggested that they were merely 
preferred forms of descriptions of the task. In other contexts, the present results suggest 
that self-instructions elicited prior to performance may reveal linguistic factors which 
affect performance, whereas those elicited after performance may indicate preferred 
descriptions of the task not necessarily related to performance. 
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RESPONSE LATENCIES IN SHORT-TERM MEMORY 


BENNET B. MURDOCK, Jr. 
From the Department of Psychology, University of Toronto 


he interpretation of response latencies in short- 
sing a probe technique was conducted with the 
f the recall interval (1, 2, or 4 sec.). While 
gnificant effect on recall probability the 


dente paper deals with the problem of t 
eat pers y. A paired-associate study u: 
xperimental variation the length o. 


sho i A 

is ue os interval had a statistically si 

response pened recall interval and probe position was negligible. While traditionally 

seems inappro y is considered a measure of associative strength, such an interpretation 

than Pea e opriate here. As an alternative, latencies may reflect more criterion values 
ivity as these measures are interpreted in signal-detection theory. 


INTRODUCTION 
e.g. Eimas and Zeaman, 1963; Williams, 1962) 
eir reciprocal, speed) are a measure of associative 
bove it was implied that latencies were an even 
h than were response probabilities. Such a 
stated (Hull ) behaviour theory, wherein it was formally 
, 1943, p. 104) that reaction latency 1s one of the various ways in which habit 

iation work this particular 


Probabiliti 
sone) ee are generally correlated (longer latencies asso! 
ui a the results cited above suggest tha 


ore particularly, TM) response latencies may reflect how 


in short-term memory (S 
er than how much time he must take 


much +; 
o = time a subject chooses to take to respond rath 
in a pond. In terms of signal-detection theory (TSD) it might be that response latencies 
ay probe task reflect more criterion factors than sensitivity OT associative “strength” 
confide A recent study found that, ‘Within any given retention interval latencies and 
may E judgements are highly correlated. . . . That confidence judgements and latencies 
when e interchangeable is suggested by the fact that symmetric ROC curves are obtained 
confi ane, partitions on the basis of latency . . . rather than partitioning on the basis of 
probe ses judgements” (Murdock, 1966, P. 322). In this study d’ did not change over 
is pr Position though recall probability clearly did. Thus, if “strength of a response” 
Operly assessed by the d’ measure of TSD, then in this study latency of response was 


ass 
‘Ociated with criterion factors rather t i , ; 
exten, a: Present experiment represents a further study of this problem. Essentially it 
s the Murdock (1963) study in that (a) only one pro on each trial, 
atically varied over a 4:1 range. Point (a) is important 
t tests; performance on 


e 
yet ae St probe (the only one consi b 
-to come. Point (b) reflects the view that the most frutiful way to stud: 
d limits on task perform: a 
matrix) rather than try to find out what the subject 


M METHOD 
Engl; atevials. The stimulus material for the lists of paired associates consisted of common 
s were two syllables ‘and not more than eight 


8lish words paired at random. All word: 
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letters long; they were randomly selected from the Thorndike-Lorge (1944) G count of 20 
and above except that homophones, contractions, and archaic words were excluded. 


Procedure. Each list consisted of six A-B pairs followed by a single probe, the A 
member of one of these six pairs. When the probe was presented the subject had 1, 2, or 
4 sec. in which to respond (i.e. with the appropriate B member); this experimental manipu- 
lation constituted the main variable of interest. A voice-key arrangement was devises 
which was activated upon presentation of the probe and started a Standard Electric 
Timer with a 1-sec. sweep hand. The subject had to respond by speaking the correct 
response into a microphone so as to stop the timer within the allotted time (1, 2, OF 4 sec. 
according to condition). The clock was clearly visible and credit for a correct response 
was given only when the deadline was met. There was little difficulty either with this 
procedure or with this apparatus. 

For greater generality two modes of presentation were used, visual and auditory: 
For visual, the words were photographed on 16 mm. film one word per frame and projecte 
by means of a Dunning Animatic single-frame projector. For a presentation time of 2 sec. 
per pair the projector was stepped at a rate of 120 frames per minute; the two words of 
each A-B pair were photographed on successive frames which were followed by two blank 
frames as a study period. For auditory presentation the same lists were recorded On an. 
Ampex F-44 Fine Line tape recorder so as to make the visual and auditory as similar 45 
possible. That is, the two words of each pair were spoken at a rate of 120 words per 
minute, and each pair was followed by a 1-sec. quiet period as in the visual case. 

The probe was presented in the same mode as the list; for auditory, it was recorded 0? 
the tape and for visual it was photographed on the third frame following the last pat 
(to allow two blanks for the last pair). During presentation the experimenter monitored 
the display and started the Standard Electric Timer upon presentation of the probe. 


Subjects. The subjects were 24 stud b ; ex 
All were tested individually. 4 students from the Toronto subject pool, 12 of each § 


Design. The design was an eight-wa: i 2 
: -way factorial, 2 x 2 x 6x3 X 

peti Se ns pt mere, be ween-subjects variables witch pardaed the necessary 

conkrolied ae pete ae aa assigned each subject to a unique condition Variable É 

order; half the subjects went from vis i hile the oth® 

half went from auditory to visual. Variable B made Rene Tee a apes all list® 

re auditory under the other level, and vice versa 


each subject. Variables E, F, G, an 


; RESULTS 
The main results are sho 


functi a wn in Figure 1, where ili ; n as $ 
sero robe positon separately for espone Ges of a a an Wee Tie auto 
response time was nonem pooled in this graph because the EE of mode ®' f 
response time was (a) rather small fae): Tt is abundantly clear that the effect © 
To insure against artelots Af ac agin’) Zclatively constant over all probe pater i 
collapsing over the between-subj i analyses of variance: ore S 
jects va; : s S were pi A 
an d b, then over iF we wee Saleen 5 different ways (specifically, first over jn 

ransfo: > i 
rmation. The results ected mode, probe, and their integ 
time were in fact statistically significant (F (2, œ) py nipat She of T aoi 

, = š 0'05) but the i 
). 


RESPONSE LATENCIES IN SHORT-TERM MEMORY 8 
N I 


FIGURE 1 


1-00 


0:80 


0:60 


0-40 


Recall probability 


0:20 


Probe position 
obe position for the three recall intervals. 


Recall probability as a function of pr 


Discussion 
onse latencies of all correct responses in a 


Previou 
s study (Exp. IV, Murdock, 19634) were found to be 0°78, Tor, 1°50, and 1-78 sec. 
ortion of responses from each distribution 


d 0'159 


f correct recall showe 


four 
Probe positions. Since probability o 
that in fact probability and latency are inter- 
d in the Introduction. 


ntenable. The 


Positi 
ESE was negligible. 
significant effect but the effect was no different for early or late pairs in the list. 
occur at Probe 5, the penultimate pair in the list. 
i i eeded for weaker 


We; : 
Te response latencies really an 


Tes 

ate be to assert themselves 
x ee greater for the early probe positions. 

recent study of reaction times to weak signals in noise Carterette, Friedman, and. 

creased as a priori 


Osmi 
ides (1965) found that latencies of “yes” response consistently de 
ral the latency distributions resembled each 
g to the stimulus 


t 

Sign; 

otraa 7 probability increased, and that in gene 

Signal aarding to the response (“yes” or “no”) rather than accordin; 

Of pai ae noise alone). Exactly comparable results have been found in a previous study 

Stochastj associates in STM (Murdock, 1966). Elsewhere (Murdock, 1967) a simple 

put a ic model has been suggested wherein recall probability drops off as a function of 
nd/or output interference. Given then that recall probability is a function of 

i then the ideal observer of TSD must adjust his criterion 


accordi 
dingly. The criterion for early pairs 
but because the criterion 
riterion shift comes from TSD. Consider a payoff 
ed for hits and correct rejections but penalized for 
matrix is symmetric, it is easy to show that, 
ould determine his criterion solely on the 
i i of the overlapping 
f a signal). In the 
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STM situation, it is suggested that the interference (input and/or output) determines the 
probability values, and that the subject follows a maximum-likelihood principle in that 
his criterion is higher for pairs tested at longer retention intervals (where, of course, 
probability is lower). Response latencies, then, reflect more the criterial level than the 
strength of the association. While the present data do not demand this particular 
interpretation, they are certainly consistent with it. 


This research was supported by Grant APA 146 from the National Research Council of 
Canada and by Grant GB 4545 from the National Science Foundation. The writer 15 


grateful to Muriel Mougenal for experimental assistance and to Wayne Donaldson for 4 
helpful reading of the manuscript. 
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ACOUSTIC FACTORS IN VISUAL SEARCH 


BY 
D. W. J. CORCORAN* and D. L. WEENING 


F . 
vom the U.S. Navy Electronics Laboratory Center, San Diego, California and 
San Diego State College 


Previous ” 
the NA work has shown that in searching for existing or absent “‘e.s in printed prose, 
nounced “es or aene of silent “e.s” was less likely to be detected than that of pro- 
or evidence of t was suggested that the acoustic or kinaesthetic “image” was searched 
of an “e” in addition to the visual stimulus and that evidence from both 


Sourc 
es was i i i 
considered in making the appropriate response. 
itutive errors within words, which may 


T. 
or mae oa experiment employs mainly subst 
Correlates ha ange their pronunciation. The results suggest that the form of the acoustic 
he presen, sno bearing upon whether the words are detected as wrongly spelt, but that 
ce or absence of an acoustic event corresponding in time to the spatial location 


of 
the error is important. 


ira : INTRODUCTION `; 
factors in the eos studies (Corcoran, 1966, 1967) have investigated the role of acoustic 
Prose, In e search for existing or absent letters in words contained in passages of written 
the first study subjects were presented with a passage taken from Punch and 

ckly as possible. The main finding was that 


Te ui 
«duired to cancel all the letters “e” as qui 


as normall. than the wor 
Words, y ally pronounced. These s at, in the p c 
Scrutini erbalization occurred and the resulting acoustic or kinaesthetic “image” was 
Shica os for evidence of an existing or absent “ʻe.” The detection of the presence or 
om rd an “e” was therefore based upon evidence from two sources. 
igh first study a comparison was also made between the probabilities of detecting 
and it aopen 3 as in were, € as in met and /i/ as in eve. No differences were evident 
visual 5 Sa tentatively concluded that the nature or quality of the acoustic correlate of the 
Rot pres mulus was of no consequence, only the fact that an acoustic event was or was 
e” s ent to correspond with the visual stimulus. However, the frequency with which 
Pronounced 3, e or /i/ may not be very different and a more exact test of whether 
ces visual detection is therefore necessary. The 


the f 
follower of the acoustic event influen e a 
ing experiment was conducted to determine (x) whether the quality of the acoustic 
ision as to whether a word was incorrectly spelt, and (2) 


Mma; : 
Whetne id or did not affect the decisi! ; 
T the silent-pronounced phenomenon was specific to letters “ʻe.” 


METHOD 


Materi 
vzal, subjects and procedure 
Gift From the Sea. 
f error:— 


A 
Sever; ppssagë of 663 words was 


selected from Anne Morrow Lindberg’s 
he following six categories o: 


‘al changes were made in order to balance t: 
“s” (c-s). 


a Twelve letters “c” were substituted for 
Twelve letters “s” were substituted for “o.s” which were pronounced /s/ (s-e/s/)- 
n Twelve letters “s” were substituted for “c.s” pronounced as /k/ (s-c/k/). 
3 it silent “k.s” were omitted (k/ dy 
(6) T pronounced kis wero omitte (E/N. 
‘welve random substitutive errors were incorporated (r). 


M.R.C. Applied Psychology Research Unit, Cambridge, 


* 
E. 5 tr 
Englang ne? scientist from the 
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The errors incorporated in categories (1), (2) and (3) were cross matched such ea 
errors occurred at approximately comparable places in words of approximately compet re 
length whose probability of occurrence in language was also controlled to some exte a 
(Thorndike and Lorge, 1944). All silent “k.s” were located at the beginning of words ve 
words beginning with “k” of comparable length were used as controls under category (5 a 
As a result of a typing and an experimental error two words were changed, which resu A 
in correctly spelled words which were nonsense in the particular context. These a 
included here because of their interesting consequences. Apart from the two errors non 
of the changes of spelling resulted in a correctly spelled word of different meaning. 

Thirteen students (seven males and six females) of San Diego State College served as 
subjects. They were required to underline all the words in the passage, which they, 
considered wrongly spelt and asked to work as quickly as possible. The slowest worke 
took 5 min. 25 sec. to complete the task, the fastest took 2 min. 22 sec. and the median 
time was 3 min. 25 sec. After the task had been completed subjects were given an ora 
test of spelling in which the words they had failed to detect as errors were used as items. 


In the single instance in which an error in the main task coincided with spelling error, the 
datum was disregarded in the main analysis. 


RESULTS AND DISCUSSION 


Table I contains the probability of an error under each of the six categories. Only 
one relevant comparison in this table was statistically reliable; this was the difference 
between the probabilities of detecting silent and pronounced “k.s,” (4) vs. (5) (¢ =2'29, 
p <0'05). One subject failed to detect two errors under category (4) and four others 
failed in single instances. a 

The typing error consisted of omitting the “k” in “know”; this error was not detecte 
by any of the subjects despite the fact that in the sentence “The life I have chosen as W? e 
and mother I (k) now to involve . . .” it was nonsense, The experimenters’ error was 
the substitution of s for c in “devices.” Both the legal meaning and the third person a 
the verb devise is rare, yet it resulted in five errors although it was clearly out of contex” 

The substitution of “s” for c/s/ can be considered to produce a “yord” whic: ) 
phonetically less changed by the substitution than one produced under categories (1); (3 
and (6). Thus, if the quality of the acoustic correlate influences the detection of 2 wrong 


letter, more errors should have occurred u i o existe 

ed under category (2) since evi f the ex! 

3 dence : 

of an error from the acoustic source would eanais (2) ü on. 


be lacking. This was not ev 


TABLE I 
List oF CHANGED WORDS AND NUMBER oF FAILURES To DETECT THE ERROR — 
Sj & | w | 4, | oa : 
situation 3 balancing 3 America 3 (k)nitting x (keeping o eyen (i) 3 
compromise 2 | crevices 3 | unification 2 | (k)nack 3 (kicks o | more (t) i 
pE 2 | Significance 2 Physical 2 (k)nots 2 (k)itchen o with (P) : 
choose 2 | electricity x Political 2 sing Q) A 
transport 1 | replace x | intellect 1 equipment gi 
utmost o grace x carriage x Tnarketing (p) ° 
thousand o cynical x conclude x nuhal (m) o 
socialised o | centralised o | camps z puberty (0) 
suburbs o civilised o facts o pbe M 
soulful o | certain o | countless o thorough () 
sewing 0 | cycle œ | contact o “women (19) 
stove o | cease o | carry o five (p) i 
Probability es ee pees i 
Cee 0-06 o8 008 8 
E O15 or00 oe 


The letters in parentheses in the r column indicate the substituted letter, 
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noe data. However, the missing silent “k.s” were not well detected, which supports 
eañ; ndings for letters “e” in the previous studies. It would appear therefore that the 
of ka conclusions were probably valid in suggesting that the form of the acoustic event is 
= 1ttle consequence, provided that a “phoneme” of some kind exists in the acoustic 
age corresponding to its spatial position within the visual stimulus. 

t It can be seen clearly in Table I that detections were not evenly spread over the 54 
€xtual errors. The greater majority of the words which were always detected as errors 

In the cancellation experiment (1966) it was 


Contained a substitution of the initial letter. 
oted that the earlier the “e” occurred in a word the higher was the probability of its 
which “e.s” were purposely omitted, 


being detected. In the 1967 experiment, however, in 
= absent “e.s” located at an early position in a word were less likely to be detected. 
k: us the early position within the words are apparently well scanned for the presence of 
ey such as “e.s” and substitutive errors, but poorly scanned for the absence of “‘e.s” 
Silent “k.s.” 
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COMMENT ON 
“SPONTANEOUS ALTERNATION AND 
PATTERN OF REINFORCEMENT” 


BY 


DAVID LESTER S.A 
From the Department of Psychology, Brandeis University, Waltham, Massachusetts, U.S. 


FURTHER DISCUSSION 


BY 


A. W. STILL 
From the Department of Psychology, University of Durham 


sgi the 
The aim of this experiment was to replicate the phenomenon reported by Still that 
spontaneous alternation of non 


-rewarded rats declines faster over repeated testing it is 
that of rewarded rats. The present experiment failed to find such an effect. 


: ect 
suggested that on the basis of these experiments, it would be unwise to attribute any a p 
on spontaneous alternation behaviour with repeated testing to the rewarding OT 
rewarding of rats. 


INTRODUCTION tory 

Still (1966) has suggested that spontaneous alternation is due to an explore e 

tendency, but that after prolonged testing the behaviour disappears. However, ation 

animal is rewarded in the situation on every trial, then the spontaneous alterne as 
ppear since the animal has been rewarded for alternating. 


iz S a þer 
n experiment with five rats in one group and four rats in anot e 
group, in which each animal was given two 


; n 

trials a day in a T-maze when deprived. the 
group was rewarded; the other group was not rewarded. After 24 days of testing the 
rate of spontaneous alternation of the non-rewarded rats dropped below that Save 
rewarded rats. This effect has not been reported before, but previous experiments ™ 
used only short periods of testi 


3 63) 
l ng. For example, Spear, Hill, and O’Sullivan (19085 
used only 6 days of testing. Freedman (1965) found that over 40 days of testing stim) 


Aa e 
alternation in rewarded rats declined significantly, but he did not include a non-reward 
group of animals. 


Before we accept Still’s e 
general drive state (includin, 
phenomenon exists an 


rewarded rats may alternate on trial 2 because they have eaten all the food in the Fect 
visited on trial I. Spear, Hill, and Campbell (1964) found that this factor had no e 
e of rats in a 6-day testi iod, i i 


n 
wed to finish the food allotment each trial and ther group Was 
allowed to finish their allotment of food. maoa n . 


e 

An alternative explanation is based on the fact that non-rewarded rats run D 

slowly and so may indulge in more exploration of the approaches to the arms and m iy. 

more partial entries than rewarded rats. Tn this case the use of a complete body e7. al 
into an arm, while makin; i 

sense. The non-rewarded rats used by Sti 


used. ef 
The aim of the present experiment was to Teplicate Still’s experiment with 4 late 

number of rats. Further, the decision times of the rats were taken and examined 

if a decline in alternation was accompanied by a lengthening of these decision times- 
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METHOD 


Subjects 

L The subjects were 17 male and 12 female albino rats of the Charles River Breeding 

A aboratory strain CD. They were the product of two litters. They were thoroughly 

ei (No animal defecated or urinated on any trial during the course of the experiment.) 
he rats were 64-68 days old at the start of the experiment. 


Apparatus 
The apparatus consisted of a wooden T-maze covered with wire-netting. The arms and 
stem were 22 in. long, 6 in. high, and 6 in. wide. There were guillotine doors at the 


entrances to each arm. 


Procedure 

On day 1 the rats were put on a feeding schedule in which they were fed for 4 hr. each 
afternoon. On days 1-4 the rats were left alone except for feeding. On days 5-7 each 
Tat was put in one arm of the T-maze for 5 min. Half found Frosty-O cereal in the arm 
(a General Mills Food Product). All animals received their daily food allowance after 


this exposure. The rewarded group of animals comprised six females and eight males. 
he non-rewarded group comprised six females and nine males. i Z 
On days 8 to 37 the rats were tested in the T-maze. Each rat was given two trials a 
day with a 5-sec. intertrial interval. On days 8-12 each rat was detained in the arm 
chosen for 60 sec. and the rewarded rats received three Frosty-Os. On days 13-14 the 
detention time was reduced to 30 sec. and the reward was reduced to two Frosty-Os. 
n days 15-37 the detention time was reduced to 15 sec. and the reward was reduced to 


One Frosty- imi ill’ diti . The rats were introduced to the final experi- 
a ee ts should eat the reward on all trials. On the 


gace gradually in order that the rewarded ra 
rst day of feeling only two rats failed to eat and on the second day only one rat. There- 
after all rewarded rats ate on all trials. The proportion of rewarded rats eating on the 
fa days of testing would not have been so high had the detention time been only 15 sec. 
nd the reward only one Frosty-O. ae 
5 The time from Shen the e was placed into the T-maze until it had entered one re 
°mpletely was timed with a stop-watch to the nearest o'I sec. An ety eso efine: E 
pade when the whole body of the animal had entered the arm and the gui otne door n 
© Closed. On occasions when the rat escaped before the door was ¢ ee . oe F wes 
Placed into the arm entered, but the information from that trial was discarded if the 
nimal escaped on the first trial of the day. 


RESULTS 


A ; 
lternation behaviour 


The i 1 
percentage of alternation for a 
siavarded rats ará 93:3 per cent. for the 


Significantly a a 
ere in the alternation behaviour 0: 

the 30 ee oe the first 3 days of testing the gerd a ae EREE on 

= Per cent. of the trials and the rewarded rats on ped pen bp een 

ag ge nonerenarded mi Ge el oF teas -rewarded rats alternated and 11 


of yon 8 ] day all of the 15 non c a 
of the o PBT pc hate This difference has a Riot ore pee be 
fingittence of o-r0, Little confidence should be put in the validity ©: F a re ie 
a ED 3 days of testing, for the difference was in the opposite direction for 

bie ta ie plocks of 6 days remained between 90°5 and 95°3 


© percentages of alternation for € 
Per cent, for all sree The percentages are shown in Table I. 


of testing was 92°6 per cent. for the non- 
cia rats. f hese percentages did not differ 


e two groups of animals over 


ter than those for the 
eee ing ti the non-rewarded rats were greats ee 
(eg arded rats on all deys scans except the first day. The binomial probability 
Out of : -OOI. an ae 
cincs Te between Rie groups first reached significance attie : Da e 
“nce on the third day of testing (t = 2'24, d.f. = 26, mean running 


Running times 
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TABLE I 


V- 7. ‘OR EACH 
PERCENTAGES OF ALTERNATION FOR REWARDED AND NOoN-REWARDED RATS F 
z Aa Brock oF 6 Days OF TESTING 


a a a a A 


Block 
I | 2 | 3 | 4 5 
| | 
` . 3 
Non-rewarded rats 91:9 92:0 | 93 2 abe 3 a 
Rewarded rats 94°0 95°2 | 927 94 


iabili : i d testing, the 
i. .). Although the variability of the two groups decreased with repeate' te 
se times of the two groups overlapped on every test day. There was no trend, a 
the first 3 days of testing, for the running time data over the days of testing. 


Partial entries 


j ats 

Although the non-rewarded rats made more partial entries than the rewarded hott 
(means of 2+7 on trial 1 and 0-4 on trial 2 of the last day of testing compared to o still’s 
trials for the rewarded rats), the hypothesis that partial entries accounted for 


ts on 
results could not be tested since no difference between rewarded and non-rewarded ra 
the spontaneous alternation measure was obtained. 


DISCUSSION 


; to 
This experiment failed to replicate the findings of Still (1966). Normally fanne e 
replicate involves failure to reject the null hypothesis and such an eventuality end of 
convincing. However, in the present experiment the obtained difference at the yas at 
testing was temporarily in a direction opposite to that predicted by Still and Bee hubs ein 
the ro per cent. level of significance. The present author would place little confide: 
this result, but it does convincingly show a failure to replicate Still’s result. decisio? 
It was suggested that Still’s finding could have been an artefact of the longer ain eof 
times of the non-rewarded rats. Over the last 15 days of testing the mean running axa 
the non-rewarded rats ranged from 11:7 sec. to 36:0 sec. The range for the rewarde' 


on- 
was 1'2 sec. to 5:0 sec. The intervals involved here would be unlikely to reduce 5 
taneous alternation behaviour by virtue of the 


Jet, 
memory trace decay (Dember and ToN to 
1958). Although the groups did differ in their partial entry behaviour this appear 
have no effect on the alternation behaviour. iment 
The present experiment differed from Still’s in a few aspects. The present exper s was 
used a different reward and gradually imposed the final testing conditions. Thiere 
done since Frosty-Os are a more palatable food for rats and because it was ae trials 
unlikely that a large proportion of the rewarded rats would eat in 15 sec. on tes 
early in training. (Informal observation bore this suspicion out.) lity of 
The results of the present experiment, therefore, throw doubt on the generali 
Still’s findings, 


Davip LESTER: 
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ster’s conclusi i z 
Geenin lusions concerning the generali i 
: ee i ty of my results (S i 
Unrewarded ts nia that eee wil ha referred to here wee, E2 S EAE S oe = 
snaho with 5 ad concluded, usually show a decli: i es 
Deri repeated testing. In additi í Shae A E 
xperimont (Eq) performed a “a oo to Lester’s result, there is the following 
Trian | female hooded rats were divid E 
- SE ivided into three groups, and tested i zi 
wi ith food ras Foe Biss! ee Pe ae (1966). One ‘group (five bea ph en 
Ka en ıd of both arms, another group (5 rats) was unr 
emptied), and a th ome smelling of food (having been filled mi, rat ets ana 
had provinusly bes re z group (4 rats) was unrewarded, and found no food cups. All = 
Averé'piven a focin n given six pairs of trials in the same maze without reward, and the 
areshown in Tabi ee 28 pairs of trials using a procedure similar to that used in E3. R le 
decline in alte I, where it will be seen that only the rewarded group shows a: oie a > 
rnation with testing, and that is not significant. aena 


TABLE I 
OVER EACH SUCCESSIVE BLOCK OF SEVEN PAIRS OF 
RDED WITH Foop CuPsS PrESENT (NR/FC), AND 


op Curs ABsENT (NR) 


Mr 
Mran 
ra ae ee OF ALTERNATION 
WARDED (R), UNREWA 
UNREWARDED Rats WITH Fo 


Stage of training 


Gr Novof |= a] aa T E 
voup subjects I 2 3 4 


R 
NBFC 5 97 94 97 83 
. 5 97 91 94 97 
4 89 96 | 82 96 


asni 

ults pite of these contrary results, it is not likely, though of course possible, that the 
x able II Pes due to chance. The individual results of group 0 per cent are shown in 
aken (asin the correlation for each rat between stages of training and alternation is 
chance at R9 Kendall’s tau, with correction for ties, Siegel, 1956), it is significantly below 
e one tailed 5 per cent level in rats 1 and 3, and at the one tailed 1 per cent. 


Vel + 
lin rats 2 and 4. 


TABLE II 
Ive BLock OF Four 


ERNATION OVER EacH SUCCESS 


Ty 
Divip 
UAL FREQUENCIES OF ALT 
NFORCED GROUP IN STILL (1966), EXPERIMENT 3. 


AI 
RS OF TRIALS BY THE UNREI 
Stage of training 


Ra 
: I 2 Wile | 5 6 7 8 
I 
2 4 4 4 | 4 4 3 4 2 
3 $ 4 3 3 4 3 2 2 
4 4 3 tee ae 3 3 3 3 
Totals 4 4 4 4 4 3 I 3 
16 15 5 15 15 12 10 10 
ion reducing variable is operating in E3, but not 
ch variable will 


iis 
aA Be ae seems likely that some alternat r 
crease ester’s experiment. anding of the action of any such vati 
Of the ERa knowledge of spontaneous alti e SO orthwhile considering some 
Alterna, ‘ependent and indepen i ch have been found to correlate with 
Will be past to see which of them cou _ Particular attention 
are liki paid to choice time, since this vd and unrewarded rats 
ely to differ. p 
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1. InEr, 2,3 and 4 there is no significant or systematic correlation between amount of 
alternation and the median choice time of the second trial of each pair of trials. a Eon 
cant association in E3 and E4 does emerge, however, if the choice time of each mra ston 
which a rat fails to alternate (repetition choice times) is compared with the alte edian 
choice times of that rat at approximately the same stage of training. In E4 the Pa 
choice time is found of the two alternation choices before and after each repetition Pi if the 
this median is then compared with the repetition choice time, and a plus score tition 
repetition choice time is greater, a minus if it is less. In E3 the median of the zep eons 
choice times is found for each rat over each block of four pairs of trials where repe block: 
occur, and is compared with the median of the alternation choice times from the same vation 
a plus is scored if the repetition median is greater, a minus if it is less than the altern ae 
median. In both experiments, a rat is given an overall plus if he has more pluses rage 
minuses, an overall minus if he has less. In E4 there were nine overall pluses, one mae 
in E3 there were ten pluses, two minuses. Combining these results, the number of p In 
was significantly greater than the number of minuses by the binomial test (p< pene ee t 
all groups there were more overall pluses than minuses, and t 
differences between groups. 


2. 


here were no signi 


Alternation in a Y-maze is sometimes reduced if the door is closed behind ma m 
following choice on the first trial; this only occurs if the delay between trials is very was 
(Sheldon, M. H., personal communication). In E3 and E4, unlike E1, the arm dpor ite 
not closed behind the rat following a choice on the first trial of a pair, a detail o 66). 
procedure that was unfortunately omitted from the description given of E3 in Still ee 
In Lester’s experiment, the door was closed behind the rat following a choice, and yeta 


= + A =f nt 
high rate of alternation was maintained, so that this does not seem a directly releva 
variable here. 


3. Ifa rat is given a shock in the stem on the second trial of a pair (Thompson agn 
Higgins, 1958), or pushed to the choice point (Still, 1966a) it will tend to repeat its Sic 
choice rather than alternate. It has also been found (Still, 1965) that giving an elec na- 
shock outside the maze, during a short delay between trials, significantly reduces altern 


F SPRE : heen: ied ice 
tion. Since it also increases choice time, a significant negative association betwee? cho! 
time and alternation is f 


ound if the results from the shocked rats and an unshocked contro 
group are combined. to 
These experiments under 3 are mentioned, not because they have any direct relevance A 
E3, E4, and Lester’s experiment, but because they throw light upon the results deset! 
under 1 and 2. Giving a shock in the stem before the second trial, pushing the rat a to 
stem, and giving a shock outside the maze between trials are all operations that are likely 
increase the rat’s fear or emotionality at the moment 


are ne G00 
s : of choice. Closing a guillotine ease 
behind a rat, particularly a naive rat (as in Sheldon’s experiment) is PS likely to incre 


at 
fear, so that these results can be explained if it is assumed, as su ggested in Still (19662) ie 


g as ar. 
arat will only alternate spontaneously if its emotional state is below a critical evel of i 
Since fear is also likely to increase choice ti 


it 
l me, this principle could explain the ass0C!# sors 
between alternation and choice time described under 1, ii there are ‘uncontrolled jaga 
occasionally producing fear at the moment of choice in E3 and E4 en 
; k el 
a 4. Both O Connell (1964) and Walker (1956) report a positive correlation betw is, 
alternation and choice time in unrewarded rats given free choices on both trials pie Piom 
ni ld hings being equal, long choice times favour high alterna pat 
one would expect more alternation by unrewarded rats. It is also possible, however: 
ae giving of free trials is the crucial factor in producing this positive correlation. enc? 
at rats have a more or less stable turn or position preference, and that this prefer tio? 
Oetermines choice time m ary preference induced by the alterni the 
ency. nger when the rat chooses agai iern? 2 
S 1 1 } g to it, irrespecti f whether it is AY! he 
ing or repeating. Now if all trials are free, the first choles of ER ‘ikely to be i” pst 
aion of the peas preference; in order to alternate, the rat must therefore choose %4 rrela 
is preference, and hence more slowly than if it i itive CO á 
tion found in these experiments sonla. it repeats. In this way, the positi wou! 


be unconnected with alternation as such, an way? 


et te relevant to E3, E4 or Lester’s experiment, where the first trial of a pair was a 
orced., 


z 3 : tio 
5. In one experiment (Still, unpublished), a positive correlation between alterna 
and weight was found. Nineteen rats were kept in activity Wheels and fed 12 gm. O E 
per day. Mean activity ranged from under 1000 to over 10,000 revolutions per 48’ 


SPONTANEOUS ALTERNATION 9 
Re 


apparent] 
y as a conse is di i 
of testin quence of this differential ex i i 
g waned xpenditure of energy, i 
gs. and 3 eg a. Aom. 140 to = gm. Two pee between erin DeU 
orced, equall a i iven each delay 16 times. The first trial i s 
Gneand ai y often to the two arms. The correlati i peer E 
Hee : 6 correlation (Kendall’s tau) b i 
fous (eno taie 2 n = a 3 aa pa while that between weight ae perwer Be 
ugh it i 5 , is correlation with weight has not 
s probably related to the lack of variability în the choice our: cf ened 


Motivated rat: 
n found by D i 5 
experiment S y De Valois (1954). The large range of weights i 
would naturally favour such a correlation, provided that fe n RE p 
that rewarded rats are more likely to sA 


Ing conditi d 
a eN SERE A po ible explanation is 
explain th or position preference under high motivation; thi zi 
must be aate nolim in alternation by ie rats of E3, but ibis pilin theca 
Erom tie or in experiments on spontaneous alternation and reinforcement. 5 
Bland thecthe cussion, one possible explanation of the difference between the results of 
occurring ME T experiments emerges. This is that in E3 some uncontrolled factor, not 
likely Soe 4 a peste s experiment, was producing fear at the time of choice, was more 
frequent to a ed rats and towards the end of the experiment, and was sufficientl 
Point. With i uce marked reduction in alternation. One observation bears upon this 
between the s ean the unrewarded rats of E3 and E4 tended to try to push their noses 
Tewarded rat ‘oof and the walls of the maze, while waiting after having made a choice (the 
Not very pat of course, were eating during this time). In E3 the roofs were of Perspex, 
danger of the y secured and relatively heavy, SO that they were noisy and there was a 
ion. Ink rat’s nose being hurt. This could produce fear, and hence reduced alterna- 
4 and Lester’s experiment, the roofs were of wire netting, and were unlikely to 


Cause A 
5 pai F, 
i n or come down with a bang. Thus the solid Perspex roof could be the crucial 

alternation, via the independent variable 


ndepe: z 
« a variable that reduced spontaneous 
, among the unreinforced rats of E3. 


Si 
Me oe Tee Research Fund Committee for a gra! 
Mentioned tenn, who supervised my Ph.D. thesis, for which some of the experiments 
is paper were performed. 
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BOOK REVIEWS 


i 7, Stevenson, 
Early Behavior: Comparative and Developmental Approaches. Edited by H. W. Ste 


od Pp. 
E. H. Hess, and H. L. Rheingold. London and New York: Wiley. 1967- p 
xii + 303 755- 


F P Ate ý r z he criticizes 
a very sensitive issue in his introduction to this book when he ‘ serited 
i a A ahora for his “fanatic insistence” that the eee oran 
behaviour is useless. This insistence is backed up, as everyone knows, yan EEAO : 
aranteed to stop any further discussion of the problem: that it is not pinten oF ig obvious 
fost are inherited, but genes. We cannot disagree with such a truism, bu fies trick- 
just the same (as Hess seems to be saying) that the argument isa bit of a conti ensibilities 
Obections to “Instincts” have come less from those with delicate linguistic S a honest 
as Kom those who simply don’t want to believe in them. J. B. Watson was T ance of 
about it: “Our conclusion, then, is that we have no real evidence of the in : cmental’ 
traits—Let us, then, forever lay the ghost of inheritance of aptitudes, o: McDoug 1 
characteristics, of special abilities.” Faced with this redoubtable conclusion, 4 


ng 
“Tt is di i i hose reasonin: 
ame very angry: “It is disconcerting and portentious that a man whos -a this 
ena res habitually of the kind illustrated . . . should be widely acclaimed in 
country as a leader in a great field of science.” 


jn this 
It took a long time for the controversy to get on to a sensible level. _ The ssi ays ethods 
book, the result of conferences held in 1963 and 1965, give an excellent idea of one point is 
that are now used to study the development of behaviour in young animals. T aviour of 
very clear. If we are going to speculate about the influence upon adult be es rning 
learning in the young animal, it would be useful to have information about TP ie poo. 
abilities that young animals actually possess. Three of the eleven chapters 1n in 
are concerned with this problem. Learning in the human infant is discusse aaa 
contributions of Lipsitt and Papoušek, and Campbell writes a challenging. Pat 
avoidance and escape learning in the rat. The main point raised by Campbell is 


t 
= ifferen 
difficulty of equating such variables as level of motivation between animals of diff 
ages makes it almost impossibl 


` jlities: 

e to say anything about their relative learning ab logi 

The idea that the young learn more quickly than the old is part of modern my’ ell 
but the evidence for it ‘ 


i yb 
‘is grossly deficient, both in scope and excellence.” Cant a 
himself fails to find any difference in the speed of learning between young and a 

in tasks where they appear similarly motivated. 


n be 

The chapter by Eibl-Eibesfeldt gives examples of the research methods that pment 
used to evaluate the different contributions of phylogeny and ontogeny to the Ge Sever! 
of behaviour. The experimental manipulation of early behaviour is the subject © nkeys 
other chapters, notably “The development of handedness in cats and rhesus me te A 
by J. M. Warren, J. M. Abplanalp, and H. B. Warren. The authors investigt jayed 
effect of giving extensive practice in manipulation to kittens, hoping to find that be Pad in 
a part in the development of paw preferences. It appears not to have done 50; n give® 
fact there is a trend towards greater equivalence between paws in cats that have bee A 
the practice early in life. ample: 

_Usefully reviewed in the remaining chapters are some more familiar topics, for eX ung 
“Visual perception in the human infant” (Fantz); “Social responsiveness | Ti þirds 
chimpanzees” (Mason); and “Factors influencing the choice of mate in altricia! e sum 
(Klinghammer), The main conclusions of this interesting collection of papers a 
marized in the concluding chapter by Harriet Rheingold. 


M. J. Mores’: 


Current Research in Motivation. E 


a New york 
dited by Ralph No: don an 
Holt, Rinehart and Winst 6. Br Norman Haber. Londo: 


on. 1966. Pp. xii + 800. £5- pty” 

If you don’t like weight on your stomach, this book is not for you. It contains wee of 
six papers on motivation, roughly half of which are on animal workand theremainder fous 
complex aspects of human motivation. Almos 
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93 


wide. Itish 
GE and ae ard to believe that many reade: i i i 
= l a rs will be interest i 
hensive PIETE s a pity that the editor did not T eerie eet 
The level o ae 2i papers on one aspect or the other. pipop aoe | 
pecificity of the articles varies enormously—some articles contain reviews 


ofa field (e i 
(e.g. Zeigler on Displacement Activities), others report highly specific experimental 


Tesults unrel 
ated to theo It is di 
eof article ry. Itis difficult to see at whom the book is aimed i 
on any one topie y T interest to experts and there are not a sufficient ieee ae eae 
ake the book of much value to anyone interested in a particular aes 


of motivation, 
. The only significant trend is that 


there a S 
random E ik 8 i ge of Yale University 
wi £ iterature ji iew thin 
ek pune to see sient AS PN roe es th, we cot a Haes 
is by ane tholo, ae are as follows: although there are five articles on instinct, none fth 
aniological” a kee nis eee eae, és given to the physiological mechanisms deyas 
y over the last t u erstanding r isms has increased dramatic- 
artic wenty years; there is alm -sti ion; 
ie by Spence, erat x e EEE ost no mention of self- stimulation; there are no 
almost Baden of the articles both in con 
that we Somalis for a reviewer to make any gene 
laia ae made very little advance in conceptua 
that ma peycholsey, Motiva 
eo arn so that the attem tt tivation in isolation fr 
emerge ae seems to be Eides: ew theoretical REAN SEF 
ently, e.g. the role of frustration in animal learning and the effects of cognitive 
i the attempt to work out the detailed 
| phenomena is interesting and fruitful. 
tion seem to the present reviewer curiously turgid 
‘Affiliation showed more 


and uninspi 
anxie: spired. For example a group of subjects high in # 
Roun ee they knew they were bei : i ttractiveness etc.” than a 
P eoste Affiliation. This seems to prove that if you are anxious to be liked, you will 
cling CHAS pe liked. The practice of in male subjects high arousal of sexual 
S”) by showing photographs of naked girls (“nude f 


tent and in level of presentation makes it 
ral comment. My own impression is 
1 clarity over the last twenty years in 
orced from theories about what it is 


it is r 

eassuri x 
Sey ring to d 

xual f eeling (“L rece that photograp 
is z . 
to wan. k ance can be strongly recommended to anyone who has £5 to spare and who happens 
random selection of articles on motivation. 
N. S. SUTHERLAND. 


Lan 
Et 
ge and Thought. Edited by Donald C. Hildum. London: Van Nostrand, Insight 
‘3 ook No. 37. 1967. Pp. vi + 200 $1.95. 16S. 
or whom are books of readings intended? From their content it can usually be 
introductory course student nor the graduate student/ 
the specialist in 


deq, 
u 

Specialet Pt it is neither the i 

= - It may be the student in higher undergraduate courses, OF 

a book knowing he will feel obliged to 


Tead tes area who wants to keep in touch and buys 
Mod uate taking a course in psycholinguistics 
Mtroducti 11 probably also read many of the sources. The book is an 
ion to linguistics for psychologists, in effect. The “Thought” 
i ut to the inclusion © 


the undergrad 
f semantics. Although a few 


Tefer 
Be: to non-linguistic cognition, b 

laces the selection and sequencing is poor 

matters. Why, for example, begin the book 

“The Psycho- 


mber Seven, ra 
gant justi “cognitive economy’ 
editoria] ustification of the binary principle? There shou 
oy cutting and comment, or none at all, depending upon 
But the Series Editors, not 


whether a 
Hildum, are 


Mark P. HAGGARD. 
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Hormones and Behavior. Edited by Richard E. Whelan. London: Van Nostrand. 
Insight Book No. 39. 1967. Pp. vi + 266. $2.95. 24s. 


This book is a collection of eighteen articles, presented in four groups. The first deals 
with effects of stimuli from individuals of the same species, such as a dominant mouse, 4 
castrated male dove, and newborn rat pups, on hormonal secretion. The second aor 
relates behaviour patterns, such as fish migration and the sexual behaviour of rats, Ca A 
capons, and man, to the presence of particular hormones, and where possible to the amoun 
of hormone necessary for the occurrence of the behaviour and to the mechanisms underlying 
hormonal action. The last two groups investigate how hormones affect either later ee 
learned behaviour. Three papers show that gonadal or thyroid hormones in the fetus ae 
neonate determine behaviour at a later stage: androgen administered prenatally to fema n 
guinea pigs determines later responsiveness to exogenous hormones; lack of androgen Ts 
Male neonatal rats later results in feminization; and impairment in a closed field test ia 
greatest in rats thyroidectomized at birth rather than later. The last four papers sho i 
that thyroid and adrenal hormones are secreted during conditioned avoidance learning, 2? 
do affect performance, although how this occurs is still not clear. 

It is unfortunate that only one paper deals with the integration of behaviour over 4 
long period of time, so that interactions between hormonal condition, other physiologic® 
changes, behavioural changes, and external stimuli are neglected. However, Whalen bas 
sampled a wide range of species, hormones, and behaviour, and has arranged the materi 
into meaningful groups. This, together with a brief, but not over-simplified, summary 


endocrine and endocrine/behaviour relationships, should make this a helpful book for 
students of behaviour. 


Joan G. STEVENSON: 
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Science and E.S.P. Edited by J. R. Smythies. L : Kegan Paul- 
o DOSa. aan yt ondon: Routledge & Keg 


Second Thoughts: Selected Papers on Psycho-Analysi i London: 
Heinemann Medical Books. 1967. Pp. iii +e et W. R. Brion. 


Problems of Psychotherapy. By Herbert ‘5 : i 1967: 
Eo AiE ta a y Herbert Zucker. London: Collier-Macmillan. 


Interpersonal Styles and Group Development: An Analysi ader Relation 
ship. By Richard D. Mann in collaboration ak ee hg ce and John J. 
Hartman. London and New York: Wiley. 1967. Pp. x + 308 62s 

William James: A Biography. By G í : ugeri -pavis 
1967. Pp. xx + 556. a y Gay Wilson Allen. London: Rupert Hart 1 

An Atlas of Figure Drawings: Studies > dict 

s: on the Psychological istics of Me rgs. 
Students. III. By Caroline Bedell Thomas. Tanoa Gener d pren 
(John Hopkins Press) 1967. Pp. xvi + 922. fro. : 


Chemotherapy of Psychiatric Disorders. B ill 
- Peter D Wi i wi 
Sargant. London: Elek Books. 1 9 on a ally: Š a anal by 
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THE PERCEPTION AND LEARNING OF TEMPORAL 
PATTERNS 


BY 


2 W. R. GARNER and RICHARD L. GOTTWALD 
“rom D 7 versil 
epartments of Psychology, Yale University and Johns Hopkins University 
the repetition of temporal patterns 
Rate of presentation varied 
; ditory; there were 10 
. and for each basic pattern ed and a non- 
escripti j as necessary in order to give a ve: b 
Ption of the pattern after terminating it. Difficulty ( 5 ae 
lated to basic pattern a 
i due to starting pattern were fou 
th r at high rates. Similar effects were obtained 
jn ae to pattern description. pe 
rates TE consistently different effects of starting pattern and modality at low and high 
integrate m a distinction between pattern perc which is phenomenally 
, immediate, compelling and passive, and pattern l er rates, which is 
though a distinction between 


unint 
Re a derived, intellectualized and active. 
both- 10m and learning is necessary, similar principles of P 
INTRODUCTION 
events of fix ate a temporal pattern is to produce 
continuou xed length. If such a pattern is continued without m 
the basic s sequence, then we h between two aspects of the pattern: 
tion of attern and the specific pattern. A specific pattern 1s any particular combina- 
i inary events of the given length, e.g. the pattern oorroo0r for a length of 
ern might be 11000100. Each of these two 
t interruption is the same, 
f elements, and differ only 
der them to be two repre- 


a series of binary 


The sj 
© simplest way to gener: 
terruption into a 


sin 

in eah patterns produce the same continued sequence o: 
sentation ure of the pattern as started. Thus we can consi 

TS ns of the same basic pattern. y 
eke epee there will be as many specific patterns for each basic pattern as there are 
o one s in the pattern, except for a few cases in which the basic pattern degenerates 
an Se length, e.g. OOTLOOTT, which degenerates to a length of four rather 
This difference between basic and specific patterns © 
First, we can 


stud: 
Y of temporal pattern in two ways 
ences with different specific 
eived pattern and 


tern as an 


Experi 
aa variable by starting seq 
on ermine the effect of such differences On the nature of the perci 
ga particular pattern. Second, we can use the 


the di 
€ difficulty of perceiving or learnin, 
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specific pattern as a dependent variable by determining which specific pattern is 
learned or perceived for a given basic pattern. In such a case our interest is not only 
jn the actual pattern perceived, but also in the number of different specific patterns 
which will be perceived or learned for a given basic pattern. 

Garner (1962, pp. 202-205) first suggested that the number of alternative specific 
patterns is related to the perceived goodness (in the Gestalt sense) of these patterns, 
and Garner and Clement (1963) showed that the judged goodness of spatial dot 
patterns was greater when there were (both subjectively and objectively) fewer 
alternative patterns for the pattern being judged. In other Words, good patterns were 
shown to have few alternative organizations. Extensions of this idea were made by 
Clement (1964), in showing that the number and latency of verbal associates to dot 
patterns decreased with better patterns: and by Handel and Garner (1966), in showing 
that the number of other dot patterns which would be used as associates to a given 
pattern was smaller with better patterns. 

Inastudy of temporal patterns, Royer and Garner (1966) used sequences of dichoto- 
mous sounds produced by repeating patterns of eight elements at a rate of two elements 
per sec. Their subjects listened to a sequence until they were able to track it (using 
two mechanical keys), and they were allowed to begin tracking the sequence at any 
point in the pattern. The point at which responding began was generally at the 
beginning of a long run or a series of single alternations. Moreover, the variability of 
the point of responding (thus the variability of the subjective attern organization (0) 
any basic pattern) increased with pattern complexity, as ain also task difficulty 
measured by delay before responding and errors made after responding began- 
a n authors used all specific patterns as starting pakten for each pasic 
E e ast Mae a mbjciviy ogee 
Z Sauces it had little effect on tl i hich resp? 
ing began. Thus usin, : n the point at w. 
notte subjective a ate patterns affected the difficulty of the task be 

is 7 
pat ES aSr ae oem ge lie sequences of two lights, the length of their basi’ 
The subject was required to learn the Presentation rate being one element every +o 

e pattern, begin responding to it in anticipatio? © 


each element, and then to describe the attern ion ha e 
. : Š d been 
5 i Pp after learning criter: er 


Sens ; lty and organizati ir sequences W 

a a Sun mia Garner study % Boonen thee tes also some 
organization (as sadane a A at points in the sequence corresponding to the prefer A 
a high probability of e y descriptions) only if the first element in the patte hik 
influence on sabfectin cing correct. Furthermore, the starting pattern ha ie 
preferred pattern dhat organization, so that if a sequence was started with & n9 jf 
the starting , pattern would sometimes be used as the descriptions W Hf 
ttern, then it was almost invariably used ê Jay 
erred starting pattern produced learning eto 


a Certainly, the subjective expe” fact 
8 but of perceptual organization. , an? 


completion if : : te that i i nse O go? 
p. if the sequence is not terminated at its EROA ending ene evid” 
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of the im 
portance of rate with 
Royer ( é ; with respect to pattern perception has bi i 
tad 967) ying ee that tr maximum bey ctan cha tats which aa ean 
has cnite eh asic pattern and the specific pattern within the basi ë 
a ese experiments indi i i eR 
Rawr “aria pi indicate that there is much in 
n indie i common between 
‘nett ox g” an perception,” the two processes are far from identi 
xploration of these processes as a function of rate of stimulus A WERE 
is 


required. 
The experi x 
e experiment of Royer and Garner differed from that of Garner and Gottwald 


not only i > 
mee = os e stimulus presentation, but also in that different modalities were 
being D in e former experiment and visual in the latter. Ifthe phenomenon 
E = ruly one of pattern perception, rather than auditory or visual 
different bles n y have no reason to expect this factor to have had any effect on the 
Withiwhich s s obtained. Klemmer (1967), however, has shown that the precision 
simlik. ee of responses can be produced to either fixed- or variable-rate 
modalit er with auditory than with visual stimuli. Thus it is possible that the 
a y used may have some effect on performance related to either pattern percep- 


E learning. 

oa RA of experiment. For these various reasons the purpose of the present 
is T is to investigate temporal pattern experience as a function of the basic 
pecific pattern, at various rates of stimulus presentation, and with both visual 


a ie 
nd auditory stimuli. 
METHOD 


“Ppavatus 
Se spears consisted of a vertical board on which were mounted two lights, 11 in 
tininated le which was itself 34 in. high. Each light consisted of a coloured glass trans- 
with a bri by an incandescent bulb. Each coloured glass light was 1-0 in. in diameter 
20 in a ightness of approximately 0-3 foot lamberts. They were placed side by side, 
about 2 part at the centres, and the light to the left of the subject (as he faced the display 
Were distin from it) was green, and that to the right was red. Thus the binary light events 

S stinguishable by both colour 

eae Orbell buzzers were mounted on the back of the board, 18 in. apart. These 
buzzer A ad an intensity of 75 dB. sound pressure level. The fundamental frequency of the 
buzzers © the left of the subject was 145 CPS, and that to the right was 195 CPS. The two 
also differed considerably in i subjects this 
ious than the pitch difference. Thus the binary sound 


eve A 

nts differed in pitch, quality and location. 

li could be cut off by the subject at any time by his pressing a 
and if necessary could be restarted by pressing 
erated with a set of cams which the 
t so that the duration of each stimulus 
od between events. A synchronous motor 
hanical gears. Selection of modality was 
t controlling the stimulus 
at length of stimulus 


Expe: ` 
T] 
imenter could select, and these cams were cu 


Ve 
drove ‘i equal to the duration © 
accom lig cams, and rates were varied with mechani 
Presenta. shed with electrical switches. The electrical outpu 
tion was monitored on @ continuous event recorder so th 


Pres, . 
Gees could be determined. d 
© subject at a time and the display equipment were located in a sound) 
d the subject 


elimi 
Rok the undesired sound of the control apparatus outside the room, an 
perimenter communicated through an intercom system. 


Task 

teas Subject’s task was very simple. Whena particular stimulus 
eser either sound or light, never both), the subject observed until he thought he could 
the e the pattern. At that time, he stopped the stimulus presentation and described 
Spree verbally to the experimenter, in terms of “left” and “right,” a description 
t o Priate to either light or sound stimuli. The experimenter said “thank you, but did 
to st orrect any errors. If the subject forgot the pattern while describing it, he was able 
art the sequence again. This action rarely occurred. If the subject did not stop the 


proof room to 


ulus sequence was started 
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sequence after 640 events had been presented, the experimenter stopped it and asked the 
subject to describe the pattern. The experimenter had to stop the pattern only at the 
fastest speed, and in only one such case did the subject then give a correct description. 
Total observation time per subject was approximately 1 hr. í 
For the patterns used in this study, Royer (1967) found that the maximum rate © 
responding ranged from 3-3 to 4-9 elements per sec. Since we used rates nearly twice as 
fast as these, the tracking method used by Royer and Garner (1966) was impossible. 


Experimental variables 4 

Basic patterns. The patterns were all eight events long and consisted of 10 of the basi¢ 
patterns used by Royer and Garner. They are shown in Tables I and II, with “O 
standing for left and “1” standing for right as the patterns were actually presented. None 
of these 10 basic patterns degenerates to a shorter length, and only one of them consists © 
just 2 runs. Thus these constitute a good range of fairly complex patterns. 

Starting pattern. For each basic pattern, two starting patterns were selected, based on 
frequency with which the specific pattern was used as a beginning response pattern 1n the 
Royer and Garner study. A preferred starting pattern was selected which had been mos 
used in the previous study; a nonpreferred starting pattern was selected which had been 
either the least used or at least rarely used in the previous study. The particular pre- 
ferred and nonpreferred starting patterns for each basic pattern are shown in Table Il. 

Rate of presentation. Five different presentation rates were used: 0:8, 1:6, 2°67) E 


and 8-0 elements per sec. Thus at the fastest rate the entire pattern was presented once ki 
second. 


Modality. As 


F Bee i R 
previously indicated, the 5 uditory ° 
visual stimuli. patterns were presented as either @ 


Experimental design 


sions 
es produce a total of 200 different experimental condition 
patterns, 5 rates, 2 modalities). These 200 conditions m ey 
ch and nine different subjects (from introductory psycho as: 
‘ slg m assigned to each of the five sets of cond it he 
a £ as selected to provide an ort ngement © 
cn "Ul seat ese by 2 aig per 2 starting patterns ae ae. wall o of th 
2 en assigned to each of iti e alit 
starting pattern, two to FE rate; aa ere aia conditions defined y Ter 


The five different groups i pasie 
Zrc provided a counterbalanci i ents of, 
patterns to other conditions so that all combinations Sean fo Cee vari 


were used, with nine subjects thus providing data for each of thée.goo experimental co: 


tions. 
presentation of co 
€i 


Order of ed 
tions alternated, speeds ent 


nt 
Se: yal 


of the design. O; P í 
auditory presentation alternate acp was given a sequence of 40 trials in which visua r iP 


other h: jects s an d, 
A Foley h ae different speedy: re oo i rst ioe 5 
were used four times each, in random, pcx over the 40 trials, all 10 of the basic P®” ¢ itf 


Thus, except for the very first trial Ons. 
/ , each t SPY of 
2 expect, so that surprise factors would be Ba eas what modality and wha a 
e course of the experiment for him, he heard or with respect to these 
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number of experi 
xperiences with each 
pattern that we felt the task 
would not reduce to on 
e of 


Tevogniti 
abe snp colar initial perception or learning. 
ing the experiment proper, the experimenter demonstrated the t 
e task 


to the subj 
aS t, and show i nd m n 
additio a showed him several i p 
he cana V patterns at different d daliti 
Thus ¢ Re bas j ah j Fia Ye told that lights and buzzers lenited BE = $ a 4 
aware not only of the general nature of the pallens, bet bef sent h 
he sub; ; ‘ore eac! 


Presentation k: 
ation knew the modality and approximate rate. 


RESULTS* 


The two prima i 
number ry data obtained from each subject on eac i 
number ae ee — and the boa ee ee 
ite Suurman ed by the nine subjects for each condition was used 
variou ry measure, and geometric means of these fo: asie 
skewed rer fions of conditions. These measures were at et atest = 
escriptions teat pe scores both within and between conditions. The alien 
actual deseri vided a percentage measure of accuracy, as well as distributions of 
Pattern dif p ions. The length of observation and average accuracy are measures of 
; culty, and the actual descriptions and uncertainty or variability of seni 


tons ar 
a e measures of pattern organization. 
altern difficu lty 
ents observed before an attempted 


ate, 
ep effect of rate on the number of elem 
is shown in Table I and Figure 1. Over the range of presentation rates 


NumgrR FE TABLE I 
LEMENTS OBSERVED BEFORE AN ATTEMPTED DESCRIPTION FOR DIFFERENT 
Basic PATTERNS AND RATES OF PRESENTATION 


P Rate (elements per sec.) 
atti A r a T 
2 ae os r6 2:67 | 4'0 8-0 Geom. Mean 
Tir eel S es OL ee 
or ie 23°7 32°6 391 67:3 124°7 48-0 
IlTOr000 20'I 26'I 408 653 255°9 514 
Otororrr 20'5 32'I 50I 86:5 2938 60°8 
ItIIOroo 20'6 29'2 44°3 123°3 316-2 63°5 
IIIOTI00 25'8 363 52'5 84-9 275°4 64°9 
Sorrory 24°9 30°7 46'I 1178 309'0 66:2 
Sororres 23°7 39°9 57°8 86-7 271-6 66-4 
Serrote 279 407 59:7 99'3 2148 679 
Otoroory 232 35°9 59°4 143°9 2460 706 
Geom ate 21I 38-6 68-6 105*4 385°5 743 
- Mean 23'0 33°9 5I 95°3 259°4 62:8 
metric mean of medians from both modalities and both start- 


Ea 
ch cell entry is the geor 
ttern is shown as its preferred starting pattern. 


in 
Patt 
erns. Each basic pa 
he number of elements 
em entirely reasonable, 
r no further 


c increase in t 
It would se 
there would be little o 


es by number of elements 
tions, and statements of 
at least at the 


used ; 
in thi 3 A A 
this experiment, there is a monotoni 


Sery, 

ed k eg 

OWever as the presentation rate is increased. 
, that for slower rates than those used here 


t on all measur 


* 
Co 
is) m: A : 
bser plete analyses of variance were carried ou r 
and number of correct descrip 
d from these analyses, 


e ved : : 
fiec, È logarithms of this number, i 
nces obtaine 


a 8 are justi K 
05 level justified by statistical significa 
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decrease in the number of elements observed 
just about two and one-half com 
decrease would be possible. 


, since the mean for the easier peten F 
plete cycles of the basic pattern, and little fu 
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elements is iy es in terms of actual elapsed time rather than numb 
tion tate emerges in Figure 2, and a somewhat different picture of effect of Pate 
and then hesa see ee rate increases, observation time first es 

& KI , minimum time at a rate between 
to betwe (1957) has shown that subjects have difficulty A ies 2) 
V0 Der tec os a response and a stimulus when the stimuli are presented at abate 
ment, it as e no continuous overt response was required in the present experi 
elements to A pes likely that there is a change from the perception of individual 
ienes A E eri of groups of elements at about 2 or 3 elements per sec 
the percentage of e relation between presentation rate of the stimulus elements and 
elements o orret descriptions, and confirms the results found with number of 
measure is ene , namely, that perception is more difficult at higher rates. This 
DERE toG z ewhat less sensitive than duration because of the effective top value 
T cent. ; thus there appears to be little effect of rate of presentation at the 


7 or 3} 
OV 
ver rates used when accuracy of description is the measure. 
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ns.) 
rved varies considerably from 


is result confirms the Royer 
fficulty of perceiving or 
basic patterns between 
delay in the earlier 


er of elements obse.: 
in Table I. Th 
ble differences in di 
elation for these 10 
d response 


of basic pattern and the 
Table I. The nature of 


BA 
o; Me pattern, The average numb 
and Gen. pattern to another, as shown 
leaming the (1966) finding of considera 
Umber of ese patterns, and the rank correla 
‘Peri elements observed in this experiment an 
ment is 0:63. 
een the effects 


ects of is a substantial interaction betw 
rate on number of elements observed, as shown in 
r with the higher rates 


€ effect ; 
ect is that differences due to pattern become much greate: 
number of elements 


Pre: j 
sentation. For example, at the lowest rate the average 
e at the highest rate the average ranges from 
tion does not 


Sery: 

124:7 ie ranges from 20-1 to 27°9, Whil a 

385:5. These differences in range are so great that the aa 
es are used. 


disa 
Ppear even if ratios rather than differences of values ar $ 
rs made in describing the different patterns, 
sult found with 


able IT shows the percentage of erro 
and again confirms the re 


Averaged Me 
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number of elements observed. These two measures of pattern difficulty rank correlate 
0-63 across patterns. This correlation would have been substantially higher wee 
that pattern IIIII000, which required the fewest elements observed, produced a e 
high error rate; and casual observation indicates that this high error rate is largely 
due to simple carelessness in description, with subjects often describing only four 
elements of the longer run rather than the required five. 


TABLE II 


PER CENT. USE OF DIFFERENT POSSIBLE DESCRIPTIONS OF THE 
10 Basic PATTERNS 


Description 
Preferred Second Nonpreferved Other correct 
starting pattern preference starling pattern descriptions Errors 
67:2 (1111000) 6'1 (ooorrr1t) 0-0 (II 100011) 0-0 26°7 
38-9 (OLIOIII1) I15'0 (IIIIOIIO) I-I (OIIIIOII) 5'0 200 
61-1 (11101000) 5'6 (o1000111) 7'2 (10001110) Or 200 
45°0 (OIOIOTI1) 27°2 (II1I01010) 2*2 (11010101) 4'4 aut 
55°6 (L1110100) II+I (OIOOIIII) 7'7 (10011110) 2:8 22'8 
65°5 (IIIOTI00) 6-1 (OII00111) 0-6 (10110011) 5'0 228 
40:0 (OOIIOIII) I17'8 (11100110) I-I (11001101) 139 272 
35°6 (OOIOIIII) 37°2 (I1110010) 0-0 (11001011) 56 207 
35°6 (II011010) 4'4 (Orroror1) 9-4 (O1r01101) Or ae 
37°8 (o1010011) 17°8 (11010100) 3°3 (10011010) 13°9 272 
48-2 148 53 63 25°4 


Numbers show the percentage of each t ipti i tterD» 
S ype of description for each basic pa 
last row being means for all patterns. The actual yae RTN is given in parenth 


Errors include failures and incorrect descriptio modalities 
and starting patterns. popii. eee ae Sere ee 


: Starting pattern. The important effect of starting pattern is due almost entirely S 
its interaction with rate of stimulus presentation. Figure r shows the effect on num A, 
of elements observed. At low rates the use of a nonpreferred starting pattern m 
creases pattern difficulty compared to a preferred starting pattern, while at high ra e 
there is essentially no difference due to starting pattern Figure 2 shows this ar 
<b when time of observation, rather than number of elements, is the measure. si 
e lowest rate the average observation time with the nonpreferred starting pattern js 


Ae E To sec. greater than with the preferred starting patterns, while there 
os wos no PrE at the highest rate. Figure 3 shows this same effect wise 
t. correct descriptions is the measure, alth i ar-cut DO 

of the limiting nature of this measure. m E ae ieee oe s 


; N i tterns 
higher average accuracy than nonprefe a ae 


, i tred starti wes 
and this effect is relatively less at the i Deest 


highe 
Thus overall these results show that ee a at ie 


i ern 7 
and even at medium rates produces greater E ad i Pa nE Cre 
pared to the use of a preferred starting pattern. This result 3 a that of ROY 
and Garner (1966) and Garner and Gottwald (1967). An entire new result 3 
there is very little effect of starting pattern on performance at hig h rates. it 
_ Modality. The important effect of modality is likewise due rane entirely A pt 
interaction with rate of stimulus presentation, although the effect is quite di me: 
from that found for starting pattern. Figure 1 shows that there is practical 


PERCE 1 AN 
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stimulus requi TV. mi 
quired 245 ele: i 
E 245 el ments. Figure 2 shows the same effect with ion ti 
sure, With little effect of modality at the lowest mm 2 f 
W 5 rence 0 
ulus requiring more time. Still further, 


abou : 
a om maS rate, the visual stim 
clear effec ity ; 
e ei fe avs oe se on accuracy at the highest rates, but practi- 
Daer ay ot of modality on patte 
ae dality ea. starting pattern has its effect only or 
f In effect this a cpa E eres 
rom the j , : showing that the interaction of mo ity wi sai 

Gon ccm ge of starting pattern with rate, isa ae ae 
to describe oe e, starting pattern and modality. However, it seems more meani. etal 
The Sienen, separate two-factor interactions than a single three-factor interaction. 
parametric pa ai triple interaction can be demonstrated with a simple wate 
pattern and u. ation. At the lowest rates, the four conditions defined by starti: 

modality form two groups, one for each starting pattern, and our eae 


Tesearch h: 
to startin as Topia that what differences exist at lower rates should be related 
g pattern, and in the direction different ways in which 


these f Er found. There are six 
; our conditions could have formed h, with one group being 


igher j two groups of two eac: 
in performance than the other. just one of six 


ane could have d Since the particular outcome is 
196 occurred, we can state that its chance robability is 1/6. 
t967) showed that auditory stimuli provi r piste ee 


highe i de better performance in a timing task 
due “a pear than do visual stimuli, so the result that differences at Meee hc 
th. a Bi eg ity is predictable. Again the four conditions form two groups of two, 
Occurring b emeti from previous research, so the probability of this outcome 
Occur at a y ance is also 1/6. The joint probability that the expected result should 
effects of high and low rates 1s then 1/36. The systematic change between the 
of modality and starting patte 


Goes. Gok ty a rn with increasing rate could not have been 
, but the limiting conditions are quite in a! 


rn difficulty is in contrast to that of starting 
primarily at low rates, while 


ccord with other known results. 
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showed that uncertainty of 
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In those experiments, 
t experiment, however, 
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verall measures of 
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ertainty 


he primary measure of pattern 
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d Garner and Gottwald (1967) 
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all “re uncertainty being associated with greater difficulty. 
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vo starting patterns were used with each basic pattern, 

i The result is that o 
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how maximum effec 
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reen pattern unc 
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es description is t 
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eferred starting pat 
ific patterns for each 
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of the basic patterns corresponding to these classes are indicated in Table II, along 
with the per cent. usage of each of them. 

Rate. There are no important average effects of rate on description. Rather, the 
effect of rate depends almost entirely on its interactions with starting pattern and 
modality. 

Basic pattern. The per cent. use of each of the four types of pattern description 


Garner (1966) study, these results show that there is considerable generality in pattern 
organization across different experimental conditions. The second preferred descrip- 
tion in the present experiment can also be compared to that found in the Royer and 
Garner study, and the second preference found in the present study corresponds to 
those previously found in every case except that the specific pattern o10IIOII was 


in that at low tates the second pref 


Figure 4d shows the use of ot 
once again. At low rates the effe 
descriptions being used more fre 
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at the higher rates. These effects at the higher rates are that auditory stimuli 
2 Toduce a higher average use of the preferred starting pattern, and a lower use of the 
“cond preferred and other patterns. There is no use of the nonpreferred starting 


Pattern with either modality. ae iy 
Pattern uncertainty. While use of uncertainty or variability of pattern description 
one effect can be noted from the preceding 


S not too v. 2 
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5 description as a function of rate. The general effect of 
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Startin 
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arate 
dality. It therefore seems parsimoniously reasonable to assume that two sep 
ctl are involved in the experiencing of temporal pattern. 
sa i re tw ents per 
ao eae of stimulus presentation, certainly at rates above tw pee a 
it Stee reasonable to talk about temporal pattern perception. ss but es 
o hoal experience is not one of a series of se elemen nae aati 
: i ive identi tterns having v it 
i uence, with the successive identical pa i week 
a saod endings. When a sequence is first started at ee DEE it 
oe = an unintegrated series which has no apparent organization, 
fan) suddenly changes to one with a quite definite pattern. dine. in that 
The pattern organization at these higher rates is phenomenally casa aa ibe 
once heard as a particular pattern it is almost impossible for it to be hear nest little 
way. Itis thus quite understandable that how the sequence is started has 
effect on the organization. 


ae ; 5 time is 
In a related fashion, the experience is immediate, not in the sense that ua it has 
required for the organization to appear, but rather that the organization, © ae 
appeared, is a direct consequen 


is 

ce of the physical stimulus. For this ee y, 
understandable that the modality should affect the organization and its me aoe 
since the rapid timing relations will be intimately affected by the modality. . 
precise timing allowed by the 


X : enti: 
auditory modality is in keeping with the oration 
nature of the modality and with earlier results showing more precise timing 


ooret 
with audition than with vision (Klemmer, 1967). We would expect even P 
performance if, for example, the stimuli were presented by touch. i entation 
Some reservation must be held concerning the result that auditory pres nsiste 
leads to more accurate perception at higher speeds, even though the result is shy 
with that of Klemmer. The reservation is due to the fact that almost eo on the 
between the two binary events will have some effec 1951)" 
accuracy of pattern perception (see e.g. Miller and Heise, 1950; Heise and Mien ee 
Our intent in selecting the particular stimuli used was to have highly discri titis 


as e 
eding elements, for both modalities, an 
at the fastest speed used. 


Lastly, at these higher rates the 
necessarily so. At the higher rates th 
subject to do anything except listen 


. sos : s. er a 
motor response to each individual element. In work preliminary to the Roy 2 
Garner study, in which a rate of two element 
attempted to require responding to the sequenc 


and 
r the 
vert 


ever, if the sequence is nes rate Í$ 
me an organized pattern, responding to the pattern at thi e 


i ates 
wed that even higher response Ta 
Pattern learning 


At the lower rates of stimulus 
temporal pattern | 


PERCEPTION AND LEARNING OF PATTERNS Io 
9 


The experi isi : 
fie a 
another a ei A mu ns; in the sense that it can be and is recoded into 
quite r a ne P. ete lack of effect of modality at these low ; 
i n a e since it is the derived stimulus rather than the direct ee 

Th 
Seti i aio lower rates is an intellectualized one, in which the observer tests 
Scquenes, ‘the : new ones, and generally attempts to force organization into the 
With somem erm rationalized perception is intuitively appealing for this process 
A Avantage vom complex patterns this intellectualized activity is not necessarily an 
oirtme Thus pee | hypotheses may be formed with a resultant greater organiza- 
Recatse the aia effect that starting pattern hason this process is quite reasonable 
Gottwald (x EA oe an immediate organization, as found in the Garner arid 
thus readily a = than waiting for the organization to appear, and it is 
Be 4 ye lower rates the role of the observer is much more active, both in the 
respondin pa an intellectualized process and in the sense of his using more overt 
Patter oan he immediate use of responding does not interfere with the learning of a 
fact that arner and Gottwald also found, nor does it facilitate learning. Thus the 

is anes he process is an active one at lower rates is not necessarily an advantage. 
rates is ai then, the perception of temporal pattern which occurs at the faster 
Isia relativ F an integrated sequence, is phenomenally compelling and immediate, and 
tempor. i ely passive process for the observer. On the other hand, the learning of 
i al pattern is of a succession of single elements, and is a derived, recoded and 


Intel . i 3 E : 
lectualized process in which the observer is much more active. 
Thi 
his research was supported by Grant MH 11062 from the National Institute of Mental 
enior author was still on that university’s 


He: 

alth = Johns Hopkins University, while the s 

at MR a eparation of the report was done while the senior author was a visiting scientist 
R.C. Applied Psychology Research Unit, Cambridge. 
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FREQUENCY AND RECENCY EFFECTS ON RESPONSE 
BIASING IN A PSEUDO-PERCEPTUAL TASK 
BY 


NEIL McK. AGNEW, SANDRA PYKE and VERA PEZER 
From York University, Toronto, Canada 


The pseudo-recognition technique provides an ingenious method of evaluating E 
influence of response biasing variables. This study tests the effects of recency On low an 
medium frequency words using the pseudo-recognition procedure. It was found ma 
under short recency conditions the thresholds of medium and low frequency words did n 
differ, while under longer recency conditions the low frequency words had significantly 
lower thresholds than medium frequency words. j 


INTRODUCTION 


The question of whether variables such as frequency, recency or emotionality of 
stimulus materials affect seeing (perception) or saying (response) has received the 
attention of several investigators. Neisser (1954) found that preliminary presentatioP 
facilitated recognition of words but did not facilitate recognition of their homonyms: 
It should be noted that frequency was uncontrolled in this study. Neisser conclude 
that set or recency aided recognition but did not necessarily facilitate responses: 
However, a well known study involving pseudo-recognition techniques (Goldiamo® 
and Hawkins, 1958) indicated that responses were biased by pre-exposure of thé 
stimuli in the absence of perceptual cues in the testing situation. Using nonsens? 
syllables, these investigators manipulated frequency, and their results suggest that the 
significantly lower thresholds for high frequency as compared with low frequen® 
stimuli can be explained entirely in terms of response bias. A more recent StU 
(Zajonc and Nieuwenhuyse, 1964) contains findings which indicate that the extent a 
which response bias affects results is a function of both frequency and criterion leve fom 
threshold. The more stringent the criterion and the lower the frequency, the less 1 
role played by the response biasing factor. a : 

Although the question of whether variables like frequency and value afiect th? 
motor response or the perceptual process was the primary concern of the investigation f, 
discussed above, the pseudo-threshold technique (Goldiamond and Hawkins, 1958 
Newbigging, 1960) offers an interesting approach to the study of response piasin’ 
per se quite apart from any relation to perception, In the study presented here, 
effects of frequency and recency on the strength of the response is determine By 
employing a pseudo-threshold technique. The hypothesis under test is that recen 
experience with a stimulus regardless of its frequency level in the population norms Ww 
serve to increase the strength of a congruent response. If the stimulus has ê 1 


population frequency, recent experi i i ne 

Of freq » Te perience with the stimulus may increase the P 5 

iiy a ee, bend emitted as a response up to or beai that of a stim pi 
y but not recently experienced. The speci icti = 

t i ecific prediction W45 sed 

subjects would obtain lower pseudo-recognition theeshoe for ore exper Oe 

stimuli as compared to stimuli not so recently experi pe 4 


R i t m 
greatest with low frequency material, due to a relati acd and fhariii tes enof 


ARN ive ceiling effect on high frequ 


he 


r Me 
Subjects ae 


The subjects for this study were 
ages of 18 and 30 years) attending 
divided into four equal groups each 


40 introductory psychology students (betwee? yas 
the University of Saskatchewan. The sa™P Z 
consisting of five males and five females. 
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Apparatus 


A Pharmaceutical Ri 
Gen esearch three-channel tachistoscope was 
the a u tia] E a ae and contained a cross Shiah ro rey ae aor: 
the ex 7 nation level was 10°75 lumens. The channel called Sti 
A EA E contained part of a Rorschach ink blot (Plate Fre 
E Pe Piet page s. Bo e pre-exposure and exposure fields were 5 in. x 7i 
r n circuit with the tachistoscope was set hi Ae a 
was constantly illumin j R seen Wisk the eE 
ated and the subject could th i : 
ae | j see the cross. When the ex 
aoe Popa connected to the Hunter timer, the pre-exposure field Ea aE 
Cae cee was illuminated so that the subject was able to see the Rorschach blot for 
Additional apparatus included a Tandberg tape recorder, Armaco earphones and a tape 


Tecording of the Maudsley Vigilance Test. 
Materials 
Stimulus material i 
s consisted of the 20 words presented in Table I. Th i 

a ž : e numbi 
rane represents the frequency of the word (Thorndike and Lorge, roan Les 

Chi ncy words are listed in terms of the number of occurrences in four million words and 

gures for medium frequency words represent the number of occurrences in one million 


y 
words. The words were randomly placed in two lists. 
TABLE I 
STIMULUS MATERIALS 


List A List B 
Medium Low Medium Low 
: Srequency frequency frequency frequency 
per 1,000,000 per 4,000,000 per 1,000,000 per 4,000,000 
degrade (8) opaline (11) agitate (9) biplane (10) 
eclipse (8) seepage (8) tedious (9) curable (8) 
orderly (9) veining (9) shorten (8) tussock (11) 
Magnify (9) verbose (9) essence (8) regress (5) 
Screech (8) amnesia (5) calcium (9) atavism (5) 


seven 5 in. X 7 in. white index 
g of 70 cards. Responses 


type) in capital letters on 
s and 20 columns with 


and list B) each consistin; 
a sheets consisting of 29 TOW: 
ch column. 


ee word was typed (pica 
Ta S and placed into two decks (list A 
an recorded on specially prepared dat: 

e of the 20 stimulus words heading ea 


P vocedure 


oe of the recency leve ‘A 30 sec. delay between pre-exposure of 
Tees and the pseudo-threshold determina min. delay were the two recency 
mee employed. Thus, four groups of subjects served under the various combinations of 
ze and recency order but they y levels. Group I 
as tested with list A stimuli un list B stimuli with 
ong delay. Group II was tested with list A stimuli under long delay conditions followed 
i B with short delay. Groups I described above 
Broce that the order of list presenta t of subjects to 
ups was alternated. 

we The procedure was as follows. The experimenter showed 
ord on carda one at a time (list A or list B depending upon the gro’ 


balanced. Similarly, two levels of rec 


assignmen 


each subject the appropriate 
up to which the subject 
loud each word as it was presented. The 
t word order was random- 
seven times in the 
ds seven times. The 


ropriate list, 
then a 30 sec., or 6 


A Each of the ro words of the app: 
pre: ed deck so the subjects were exposed to D 
sentation of the 70 cards took approximately 5 min. There was 
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min., delay, during which the subjects performed the Maudsley Vigilance task. = 
consisted of a tape recording of random digits read at a fast rate delivered through ne 
phones. Subjects were instructed to keep track of the number of threes appearing on Thi 
tape. The purpose of this task was to reduce the opportunity for spontaneous rehearsa* i 
the words. Next, each subject received instructions, concerning the pseudo-recognite t 
procedure (which took approximately 2 min.). The actual instructions for the first #5 
were as follows: “I am going to present to you, one at a time, on the tachistoscope, a 
words you pronounced earlier from the deck of cards. If you look into the eye piece te S 
will see an X. The word will appear where you see the X now. Each word we 
presented for only a very brief instant, and you may not be able to tell exactly what ee 
wordisatfirst. However, after each presentation I want you to guess what the word wa 
Remember, even if you don’t recognize the word, I want you to say what you think it as 
Each word will be presented until you recognize it. I will tell you when you are corrects 
and then another word—or the same word, by random selection, will be shown. I will pr 
you when you have correctly identified the word, so if I don’t say anything, you will kno 
that you gave me an incorrect response and that you should try another word. I will say 
‘ready’ before each exposure of the word. Any questions? Ready!” 2 
On each recognition trial, part of a Rorschach ink blot (Plate 1) was exposed for on A 
sec. and subject’s responses were recorded on the data sheet. When the subject said th 
word at the top of the column in which the experimenter was recording he was told he = 
correct and the experimenter began recording in the next column. If the subject failed 4 


sho! 
š s Rae e 
questionnaire was administered to determine what the subjects concluded about th 


point of the recency presentation and the midpoint of the pseudo iti roced yi: 
ash -recognition P e 
The minimum delay between the pre-exposure of a word aa the commencement of th 


pseudo-recognition trials was 2°5 min. (30 sec. plus 2 min. for instructions) under the 3° der 
recency condition, and 8 min. (6 min. plus 2 min. pseudo-recognition instructions) ur he 
the 6 min. recency condition. The minimum delay would occur in those cases whet 


last word under the pre-exposure recency conditi d tested in 
the pseudo-recognition task. RETR TEE Ra torbe the GET 


RESULTS 


The number of trials, including the trial on which a congruent response «a 
obtained (the response was identical to the word at the top of the column), ki 


totalled for each subject for each frequency and recency condition. These four score 


were used in a three-way analysis of variance (Wi -sned for 028 
when t i iner, 1962, p. 324) designe ted 
x olin ena are of the correlated or dependent type. The results are prese? 


, This analysis shows a significant over-all recency effect. Trials to criterion ie 

aioe fewer under the 30 sec. condition as compared to the 6 min. com in 

aA there was a significant recency by frequency interaction as out ine c 
igure 1.* It is apparent that the recency effect is limited to the medium frequen 


words with the longer delay leadin i ising, 
eading to higher thresholds. Conversely and surp!!) 
a a O words have slightly lower thresholds under long age than short i 


The group by recency interaction is d i i es) 
z ‘ ue to a practice effect. That is, all 8"), 
sapore with the second recency condition regardless of duration (30 sec. OF 91. ot? 

esults of the post-experimental questionnaire indicated that most subj” $ 
(37 out of 40) believed that perception was involved 


; ce it a 
that they did not in the experiment, so it P 


“decode” the experimental procedure. ó 
ob 


aiiis A ; i t 
This interaction has been replicated in a new series of experiments now being condu? 
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TABLE II 
ANALYSIS OF VARIANCE 


— eee 


Source d.f. M.S 
ie IS. F 
caer subjects .. 39 
ps (A) sz e 
ae ) Ai Fa 3 273839 2:22 
ae : . .. 36 123206 
Pee subjects a 120 
enc: z 
Ry a (B) z st wis I 3053°75 5700* 
ie es sis 3 2651-88 4:34* 
, 36 610-62 
W (C) I 2318-00 3°38 
Bror., T as re 3 1572°39 2:29 
a Om 36 635:26 
xc 
AERE "7 N 4 I 5209:82 12:18} 
aig ee Re 3 304°42 Si 
. we at pi 36 427°57 
Total , P 


* 
P < 005 tp < oor 
FIGURE 1 


ns Medium frequency 


Low frequency 


Mean trials to criterion per word 


6 min. 


30 sec. 
Recency condition 


terion as a function of frequency and recency. 


Mean trials to cri 
Discussion 


this experiment are: (x) 
hresholds of low frequen! 


Under our short recency condi- 
cy words do not differ signifi- 


The two main findings of 
he trend favouring the latter: 


See pseudo-recognition t 
(2) te from those of medium frequency words, with the t 
ute nder longer recency conditions the pseudo-recognition thresholds of low fre- 
() ncy words are (4) significantly lower than those of medium frequency words, and 
slightly lower than those of low frequency words under short recency conditions. 
the Is there a single explanation that would account for both findings? If we consider 
fre pseudo-recognition procedure as @ form of free recall then we would expect 
quency, rehearsal, and perhaps novelty as suspected sources of variance. 
If frequency were the main variable we would expect significantly lower thresholds 
does this occur. 


f A egal: k 
or medium frequency words under both delays, but in neither instance 
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If rehearsal alone were the main variable we would expect two somewhat pariti 
distributions with slopes being a joint function of rehearsal and forgetting. e "ords 
hardly expect a marked interaction effect such as obtained, with low ene 
being significantly superior under the long delay condition. We are, D 
looking for a variable with selective facilitative effects on low frequency wor S A 

A facilitative factor favouring low frequency material could be the novely 3 : a 
of the low frequency words. The effects of novelty on attention and percep etl 
becoming increasingly well documented (Berlyne, 1960). The novely — pe pe 
ing attention and concentration on low frequency words could account for t a hort 
of medium frequency words to have a significantly lower threshold under * 7963) 
recency conditions. Data from a study by Schultz presented by Nob! T 
indicates a negatively accelerated function between familiarity and recall with ane 
increases in recall in evidence as you move from no familiarity to even small amo 

familiarity. 

j As we AN from the short to long recency conditions we see the usual decreased 
availability of the response words for medium frequency material, but not for het 
frequency material. Not only is there no evidence of a forgetting function, but agree 
there is a slight increase in response availability moving from short to the 

recency condition. vll 

Although it is possible, it seems unlikely that the simple novelty effect the 
persist for such a time duration (average time between pre-exposure treatment an that 
pseudo-threshold recognition trials being approximately 20 min.). Some factor 


. u 
e period seems operative. Thoug 


zo b 
audsley Vigilance task, as indicated © 
various authors (Brown, 1955; Hovland, 1951; Posner, 1967) it is extremely di 


to rule out rehearsal completely using the usual control procedures. «naire 

While only one of our subjects on the post-experimental open end questi Í 
spontaneously noted that the Maudsley Vigilance task interfered with rehearsal, poi 
the 40 subjects commented in one way or another about the novelty value of ae 
the stimuli, and from personal experience the authors noted that the low sun 
material did “intrude” during the vigilance task. Aside from rehearsal, We E the 
invoke the concept of the “consolidation” of novel (arousing) stimuli, but @ 
present stage of knowledge this comes close to a tautology. 

At present we favour an interpretation based on selective rehearsal of nove arsa 
frequency material to account for our results, with more opportunity for re of 
occurring under the 6 min. delay than under the 30 sec. delay. These findings A ” 
course relevant to Berlyne’s proposal (1960) concerning the importance of “colla ntial 

ne the strong response biasing pot® 


1, or 10W 


variables in perception and recall, and underli 
of recent, low frequency stimuli. 


he 

The results of an increasing number of studies appear to straddle some 3 b 

traditional, and perhaps arbitrary, boundaries between “perception,” “short 6) 

memory,” and “long term memory.” Recently, Posner (1965) and Peterson (29 t 
have brought together some such studi 


: T: 
c es and make intriguing attempts to integ 
the findings. f 
: 10 
“ La research was supported by Grant APT-60 from the National Research Counc 
anada. 
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PUPIL SIZE AND PROBLEM SOLVING 


BY 


J. L. BRADSHAW* 
From the Department of Psychology, University of Sheffield 


Pupil size changes were monitored during the solution of various types of poakions f 
number of solution and response strategies were required of the subject. — Ther sire 
strong confirmation of the theory that this autonomic index can provide a sensitive sors Naas 
of the fluctuating levels of attention and arousal, which are associated with the v: 
aspects of information processing and response. 


INTRODUCTION 


Recent evidence supports the roll of arousal as an intervening variable in oe 
involving information processing tasks and changes in autonomic activity. sical 
Hess (1964) found a relationship between changes in pupillary dilation and criti 
moments in solving mental arithmetic problems, as well as differences in Oa 
problem difficulty. Kahneman and Beatty (1966), with short-term memory nobel 
related pupillary changes to task difficulty and input and output stages. Glass Ore 
unsuccessfully attempted to relate the degree of occipital « blocking to pro aa 
difficulty in multiplication tasks. Bradshaw (1967) used both cartoon and anag! W 
material. He found that deliberately incomprehensible cartoon drawings tende es 
evoke greater pupillary dilation than ones which were understood, and that novel on 7 
produced the same effect when compared with the re-presentation of familiar materlé 


He found that with solved single-solution anagram problems, there was a peak a 
pupillary dilation at the moment of verbalized solution, followed by a rapid const 
tion. Unsolved and deliberately insoluble material caused a maintained relat! 
dilation, as compared with the pup 


3 TO. 
illary responses to solved problems, and to cont 
abstract geometric stimuli. 


The following two experiments 
multiple solution problems, imme 
either verbal or a substitute motor 


F nd 
extend these earlier studies by using single pe 
diate and stored response, which itself co alty: 
activity, and problems varying in relative diffic 


APPARATUS 


° ht 
; transparencies, and checked for equal values one of 
transmission, using both a spot photometer and a light meter. However, the mo! 


> diopt: lementary lens- t 
complete eye, corner to corner. exactly filled one f baa feo a 


d 30 
rection of fixation, they provided tanger ts 

ove and below the eye. The Position of their Fefiected highlig 

* Present address: Dep 


ane in, Ne” 
ea artment of Psychology, University of Otago, Dunedin, 


PUPIL SIZE AND PROBLEM SOLVING LEJ 
on the direction of maintained fixation. All film records 
links were discarded from analysis. 

t 650/800 ASA. However, by using a special 
osed very satisfactorily at over 5,200/6,400 
infra-red film, and much more convenient. 


afforded an accurate check 
indicating deviations, eye movements or b 

, pe film used was Ilford HPS, rated a 
Prolonged dilute developing process it was exp 


a: which is considerably faster than high speed 
he developed film was projected in strip form from a modified still projector, giving a 


ae short wide throw. Projected directly on to graph paper divided into 1 in. and 1/1oth 
a Squares, it was arranged so that a projected measurement of, say, 3°5 in. exactly 
oe aay 3'5 mm, at the eye. Accurate focusing of the optical systems enabled a direct 
A -off of the pupillary diameters, the pupil contours being sharp at less than 1/roth in., 

T o'r mm. at the eye. 
dis Ss the stimulus screen momentarily darkened immediately before and after each 
la play, the absence of this reflected high-light on the film record aided calibration of 
mporal events. Twin-channel tape recording was also used, one channel providing an 
hutter, the other any ongoing events 


amplified record of the faint operation of the camera S 
ubject, or the sound of the stimulus change 


Such a: rect’: A 
pene s responses, signals to the s 
EXPERIMENT I 

tive effects of easy and difficult 
e-solution word game problems 
ffects of immediate verbaliza- 
until receipt ofasignal. In 
dditive effects of verbaliza- 


This experiment was designed to compare the rela 


Tote arithmetic problems, and easy and difficult multipl 
of the anagram type. Also to be compared were the e: 


tion upon attaining solutions, and the storing of responses 
te out any independent or a 


ad way it was hoped to separa 
nd cognitive solution. 

Material 

word game problems. 


hmetic and 30 b 
er was to be giv 


division = 
sums, with remainders, such that the answ' } i 
Sumber, It A hoped in this way partly to control for differential knowledge, among the 
There were 15 easy problems, and 15 difficult, of the 
consisted of a six-letter 


Procedure 
Six postgraduate students were used as the main subjects. i 

adaptation ims followed by 2 considerable amount of prior practice. They wore te 
Structed to maintain fixation at all times upon a central fixation point on che scien ve 
Were two conditions, an immediate-response condition, and a stored condition w! ereton 
Subject would respond, if able, with the sonten abe Si aga $ pee ee T This 

Ccurred always at the same point in time, after about 9 sec. rom $ 5 
Material in y h iti therwise similar. There were eight easy and seven 

> ondition was O erwise er li 

ifficult division ens in the first, immediate response, condition, with 1 amora gn 
Problems, and seven easy and eight difficult sums 1n thes 


tored condition, wi 
15 word game problems. ‘All material was presented in randomized order. 


Resulis 
responses of each subject were calculated 


After t, the pupillar: ibject 1 
Sxactly a acabied PE of all subjects, given 1m Figure a wae a 
Stimuli in the stored condition, and with the word game material and unsolve 
arithmetic material in the immediate condition, straightforward averages were 
Calculated for each photographic interval from stimulus onset; E ert 
Mately 40 in a 15 sec. display. This was because respon pe ict eae 
n, there was a single 


intervals throughout, or not until the stored-response buzzel 
ic problems in the immediate conditio 


With the solved arithmett 
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solution which once attained and verbalized, closed the problem. Consegue 
averages were taken with shifted time axes, recentred upon the point of verba 
solution, for the central portions of the data. 


: F d 

In no case was there found any difference in pupillary response between those w 

game problems found easy, and those found difficult. Consequently, the ee 
combined into a single group mean curve, as given in Figure 1. However, with 


FIGURE 1 


(2) Immediate condition 


Solution point 
a 


Difficult sums unsolved 
4 te tee 


Diameter In mm. 
w 
ò 


Difficult sums solved 
Easy sums solved 


30 39 
Frames at 2:7 per second 


(b) Stored condition 


Difficult sums unsolved 
Pisin icine 
$ 


m= \ 


Diameter in mm. 
w 
ò 


ms solved 


10 20 30 


Frames at 2:7 per second 
Mean scores of six subjects; ( 


39 


a) immediate and (b) stored conditions. 


here was a ver 


asy 
1 i y marked difference in dilation as between ad 
and difficult problems Thus, in the immediate condition, four of the six subjects e 
significantly greater pupillary dilations to t 


he difficult materjal, at p < 0o01, bY 


i ]s0 
el, 1956). With the fifth subject the difference was ? 


Jn 
» but the difference for the sixth subject was not significant. t 
t a 
the stored condition, all differences were again significant, ibur atp < 0-001, and eil 
$ < oo5. There Was a rapid fall in diameter after solution, whereas unsolved mate 
evoked a maintained a i 


of a verbal response at ion, the hi > k was absen™ 
However, individually, wi jecte a aigh solution peak y 
a drop before the further ri signal and the verbal response Ke 
frequently and somet 


This was particularly evident 
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the eas p P 

e e e een provided sufficient time for the two peaks to 
. IS Ci i i rhii $ 

responses of an additional subject. Figure 2, which presents the individual 


FIGURE 2 
3 

M r -x Difficult sums 
£ 7 X solved 
k 

E 

5 

a 

iS 

S 

Q 


solved 
Signal 
l 


Frames at 27 per second 


Stor ae 
ed condition responses of a single subject, ceasing word-game solutions atjsignal. 


T r ; 

T a extra subject whose results are presented in Figure 2, was used in an attempt 
game rmine whether a post-solution drop could be induced with the stored word- 
: material, exactly as with the solved arithmetic material, merely through 


Mstru à ` 
hie actions to cease attempting problem solution upon hearing the response signal. 
indeed proved to be the case. 


Th EXPERIMENT 2 
e results of Experiment 1 confirmed that intrinsically more difficult single- 
There was also some evidence to 


Solut; 
ution problems lead to greater pupillary dilation. 
ld occur at the moment of problem 


Su; 

a H that peaks in pupillary dilation cou 

to ae as well as to the act of verbalization. This second experiment was designed 
Proce pare further the effects of varying the cognitive load with different required 
ssing strategies for solution, the effects of using verbal and substitute response 


activi 5 a ae 
ivity, and of using single- and double-digit answer problems. 
Material 

Thestithmetic material basically similar to that used in the first experiment was employed. 
and i were four types of problem: those requiring single-digit answers, easy and difficult, 
fon, hose requiring double-digit answers, easy and difficult. They were of the following 
exp ats respectively; 65/9, 147/17, 183/4 414/18. The material was distributed among five 

€rimental conditions, as designated below. 


as exemplified by the following 


P Yocedure 
ental conditions, 
ber and type of the problems 


ie ee were five consecutive experim 

ing Uctions. The numbers in brackets refer to the num 

neluded. 

di I. Give your single-digit answer as soon as you can (eight easy, seven difficult single- 
Sit Problems). 

(ei hi Give your double-digit answer, digit-by-digit, as an 
ght easy, seven difficult double-digit problems). 

eas 3. Give your double-digit answer as soon as you have ready 
Y, seven difficult double-digit problems). : $ b ; 

Coe Do not verbally respond until the end of each display, giving then, if possible, the 

plete answer (eight easy double-digit problems). 


d when each one is attained 


both digits together (eight 
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i ible, the 
i iving then, if possible, © 
A d until the end of each display, giving ahe 

Ži RE I the actual moment of solution, press your p 
PADI eyi ble-digit roblems). . sual prio 
ee a ne Tese as subjects, oul WERE gw bg poe and 

tati e i i d order of presi d-he! 
i times. A counterbalance: 0 , Pee 
eet eee ithi h condition. A signal from 
i as observed within each co f 

Eh tee on the tape the subject’s exact moment of solution. 


Results 


P ated for all 

ing, the responses of each of the seven subjects were calcula where 

fi iene! seaman a as in the last experiment. In all the first three aree tly 

fies were both easy and difficult problems, every subject pion dl El astantes 

greater pupillary dilations with the more difficult material (p < 0-001 

and < 0-008 in one, using a one-tailed sign test). axed wittl the 

When the double-digit, both-digits-together levels were comp E most 

operationally easier double-digit, digit-by-digit responses, the ane vs of problem 

invariably associated with the greater levels of dilation, for both orde: with a one- 
difficulty ( < oʻoox in I0 instances, É < 002 in two, and N.S. in two, 


: t 
rati withou 

tailed sign test). Figure 3 provides the group mean scores, averaged in time, 
recentring of the curves around solutio: 


n points. 
FIGURE 3 
—'—!—1Both-digits-together, Digit-by-digit, 
easy difficult 
—— — Both-digits-together, sesse... Digit-by-digit, easy 
difficult 


Diameter In mm. 


20 30 kid 
Frames at 2'7 per second 
Mean scores of seven sub 


» and «gigit 
jects; double-digit sums, “both-digits-together, 
by-digit,” easy and difficult. 


en 
The two last experimental conditions compared the effects of the pres 
absence, of a substitute motor (button: 
solution, the subject verbalizing the a: 


erall significantly 
e 4, each at p < o- 


EA A 
e 

rob. 
-press) activity at the moment hen Ne, 
nswer between displays. Six O es 


sevel 
oor by the one-tailed sign test. The 5°” cab 


is poi % ign 
response. Indeed, at this point only one of the seven subjects evidenced a sig) yer? 
6, by a two 


s V 

-tailed ¢ test); in all other cases the oat in the 
exactly equal. Further, these selfsame levels at the moment of verbalizat cort? 
button-press condition, were almost all significantly higher than those at t as 
sponding points in time of the double 
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FIGURE 4 

35 

3 
233 
E 
E aa Sol. pt. 
a i 1 Bütton-press recentred 
3 3] = on solution point 
2 3 Button-press recentred 
S 
O2 


10 20 
Frames at 2'7 per second 


Me: $ 
an scores of seven subjects: between-display verbalization, with and without 


button-press at solution. 


Figure š 

4 (p < oox with three subjects. p = 0-02 with two i i 

E a , , $ < 0-05 with one, us 

one-tailed ¢ test, d.f. 22-28: the last was N.S.). The latter problems were ARE 
n diffculty. Inspection moreover of the 


c 
Cee a to the button-press ones i 
idual sets of data showed that the recentred peak at the moment of button- 


Ti i z ge 

tee in that condition, and shown superimposed in Figure 4, lay at the same 

Pri nt as another significant peak. This was the solution peak of the same, cogni- 
y equivalent, easy, both-digits-together condition when recentred, as in Figure 5. 


FIGURE 5 


Difficult 7 
Sol. pt. unsolved 
VJ 
st 
Difficult solved 


Easysolved 


20 30 40 


Frames at 2'7 per second 


e-digit, “poth-digits-together, 


10 


” easy and difficult, 


te Mean scores of seven subjects, doubli 
‘centred, 

measures. These 
in Figures 3 and 4. 
em condition upon 


declining, post-solution, 
ed versions of the data, 
ffect of each new probl 


T 
ar same was true also for both sets of 
ints are also evident from the unrecentr 


sl Finally, the resetting or re-arousing € 
owly and progressively declining pupillary measures, became apparent. This was 


demonstrated by a comparison of the mean pupillary scores associated with the first 


half of the problems, with those of the last half, in each of the last two conditions. All 
tly lower dilations for the latter half of each condi- 


pake showed overall significan 
on, in all 14 cases at p < 0ʻ00T bya one-tailed sign test. 
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Discussion 


A of 
In general, it would seem that a peak in pupillary dilation occurs at E TA 
solution with single-solution problems, and is followed by a sharp post-so ai 
That the latter is associated with “end-of-j ob” reduction in arousal is demo BE 
the presence of the drop, in Experiment 1, with multi-solution word game am upon 
when the subject was instructed to verbalize and thereafter terminate oe seated 
receipt ofasignal. Greater pupillary or moreover, are apparently a 
i 7 form of increased cognitive load. ee = 
ae Ah of arousal as a determining factor was further demonstrated in Pape 
2, in the comparison of early and late dilation levels in the last two ORS a ‘i 
two conditions provided uniform material at the end of an experimental ie n bots 
subject was likely to have settled down to the task. Thus all seven subjects, 


response, and the lack of differences betw 
two things. Either there is a fundament 
single and multi-solution, or that the ac 
the pupillary peak at solution, Certainly, 


verbalization peak of the sto 
It is possible that some su 


p : 4 la z 
accounts for the dilation peak. If so, this could be tested in an ambiguous cone r 


. . t ne 
formation task, with the experimenter randomly reinforcing decisions made by 
subject with the comments “tight,” and “wrong.” 


i P igation 
This research was carried out at Sheffield University, as part of a Ph.D. investig® 
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ON CONRAD’S PREFIX AND GROUPING IN SHORT-TERM 
MEMORY 


BY 
HARRIS B. SAVIN 
From Department of Psychology, University of Pennsylvania, Philadelphia 


Requiring a subject to say a redundant prefix before he recalls a sequence of digits 
Evidence reported below suggests that the 


Po ae his ability to recall that sequence. 
pa x functions exactly as an extra nonredundant digit—that the subject performs 
actly as if the prefix had to be learned anew on each trial. 


INTRODUCTION 

Conrad (1958, 1960) complicated the usual digit-span experiment by requiring his 
Subjects to say a completely redundant O just after hearing a sequence of digits and 
Just before recalling it. Requiring the subjects to say the redundant prefix before 
Tecalling each sequence greatly impaired their ability to recall the sequences. Dallett 


(2964) replicated these results and, in addition, reported that the prefix had about the 
did an extra nonredundant digit. Conrad had 


Same effect upon overall accuracy as 
Previously (1958) considered the hypothesis that the prefix in fact functions just as an 
extra digit, as if it were not known to the subject in advance. He rejected this 
hypothesis, however, mainly because the first digit after the prefix (the first one the 
Subject had to remember specifically for that trial) is recalled more accurately than is 
the second digit of a sequence when there is no prefix. Therefore, Conrad reasoned, 
the first digit after the prefix is not functionally like a second digit and hence the prefix 
is not functionally like a nonredundant first digit. cs 
In the paper cited above, Dallett also reported results for the case m which the 
Presented sequence always began with the same redundant prefix and the subjects 
Were required to ignore it and to repeat only the subsequent digits. He found that 
his to-be-ignored prefix also impaired performance, by about as much as an extra 
nonredundant digit. He does not discuss serial position effects. In unpublished 
Studies in this laboratory, involving much greater numbers of trials than did Dallett’s 
€xperiment, slight but reliable differences have found between the various conditions 
that Dallett found to be equivalent with respect to overall performance. The 


ifferences fall into no coherent pattern; their direction depends upon rate of presenta- 
ffects depend upon both rate of presentation 


tion of the digi so, serial-position € S 
and the EE ra es ee prefix. Numerous small discrepancies aside, how- 
ever, to a first approximation, these unpublished studies together with Dallett’s 
Suggest the hypothesis that the redundant prefix, whether it must be recalled or 
ignored, is functionally rather like a nonredundant extra digit that must be recalled. 
Rather than dismiss this hypothesis out of hand on account of the small discrepancies, 
met be interesting to try to explain the discrepancies and save the hypothesis. 

is is the pu f the present paper- f 

All the poe eet E published and unpublished, suffer from a 
Common weakness: grouping was not controlled. Subjects in digit-span meen ete 
invariably say they group digits in various ways. Some grouping-patterns make - 
8teater accuracy than others (Wickelgren, 1964), and, ee ne ee, he 
Pattern of grouping has quite marked effects upon the s pie eae 


curve, It would not be suprrising if, in the absence of an 
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contrary, subjects chose to group sequences differently depending upon whether ee 
Was or was not a redundant prefix. Conceivably, the prefix is in fact functionally j a 
like an extra digit and the various small discrepancies mentioned above, which ene. 
rule out this possibility, were merely due to differences in preferred grouping-pat i 
in different experimental conditions. In Experiment I, therefore, the Tovon E 
kinds of digit-span were compared: recall of nine digits, recall of eight digits, reca. mm a 
prefix and eight digits, and recall of eight digits which had been preceded by are om 
dant prefix that the subjects were required to ignore. In all cases, grouping V i 

controlled by putting short pauses at the desired places in the presented sequences. 


EXPERIMENT I 
Procedure ‘ents 
Twenty-four subjects, students at the University of Pennsylvania, each heard 100 tap 


On one fourth of the trials, each segieri 
2 per sec. except for additional 4-sec. Prtion 
tied to recall all nine digits. The nee the 
e trials, each sequence had nine digits, 


; equired to ignore the x and recall ES 
subsequent eight digits. This condition is called (P8, 8). eP 


5 igits 
_ On the remaining 50 trials, only eight oa 


pairs er- 
, there were 4-sec, Pauses after the second and fifth digits. G? 
wise, digits were presented at the rate of 2 


P sof 
, then, served under four conditions. There are 4! = 24 possible e 6 
in a different order. Stimuli were tape-rec 
and responses were spoken, 


call 
use, in dialing any out-of-town telephone xes 


is exceedingly hard to group sequences il 
ses. The serial-position cur 


, and serial position curves are in Figure I. Note that eee 
erial position curves (the last digi rjal 
e and that, when grouping is controlled, the s€ 
similar for conditions (9, 9) and (8, P8). dif- 
o satisfactory test of the statistical significance of the nc 
ference between these two curves. The problem is that they are not proper freque te 


group is invariably relatively easy) 


in the same Sequence. To facilitate a Tough statistical assessment of the 
intervals of +r standard error of a 


(8, P8): the prefix seems to be 
(9,9). Only two subjects ever omitted a Prefix; one of 
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FIGURE 1 


o7 


7 


= 


_ PCi) 


} 
I 
i 


Tm 


' 


._ _ Proportion of igi i iti i 
indi of correct digits at each serial position, Experiment I. Gaps in 
of A te places where there were pauses in the stimulus-sequences. For ae ae 
So that m ots, the 8 serial positions in condition (8, 8) are considered positions 2 through 9, 
con ditions, pauses in the sitmulus-sequence are at the same abscissa values as in the other 
Subject said a ae (P8, 8), the first serial position is considered correct unless the 
It sere readers have found this convention arbitrary. Fortunately, it does not matter, 
Were o. ials on which the subject is here considered in error on position 1 (condition (P8, 8)) 
very ga altogether, the ordinates for positions 2-9 in the resulting graph would all be 
Vergo larger than they are here; none would increase by as much as 0-005. ) 
of the ical bars at the right-hand edge of the graph jndicate a range of +1 standard error 
from proportions whose ordinates are at the centre of the bars, for proportions estimated 
600 observations. 


TABLE I 
PROPORTION OF STRINGS CORRECTLY RECALLED IN ExPERIMENT I 


| Proportion correct* 


Condition 
ee 
A (8, 8) 0:875 (0:012) 
B (P8, 8) 0-802 (0:03) 
© (8, P8) 0:682 (0-68) 
D (9, 9) 0:663 


* Numbers in parentheses are two 


differences between a 
within-subject differences. 


only once, In condition (9, 9), the same two subjects and five 
Conrad (1958) also remark: 


t 
O recall the first digit at least once. 
dundant first digits. 


ight of both Dallett’s 
elatively success 


kedly easier t 


ely to be omitted than nonre 
Quite unexpectedly in the lig 


Published ones cited above, the subjects were T 
This condition was mar 


Prefix in condition (P8, 8). 


Or (9, 9), although still harder than (8, 8). 


djacent conditions, bas 


tailed significance levels of 
ed upon sign tests of the 


more in addition failed 
s that prefixes are less 


results and the author’s un- 
ful at ignoring the 
han either (8, P8) 
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The serial-position curve for condition (P8, 8) (Fig. 1) suggests that, up until the 
first pause, the ignored prefix causes almost as much difficulty as an extra nony 
redundant digit, but, thereafter, it is relatively less troublesome—as if the subject 
were unable to ignore the prefix when he heard it but partially succeeded in eliminating 
its influence during the pause. Conceivably, had the pause been somewhat longer he 
would have been more completely successful in eliminating the prefix during it. 
Hence, Experiment II. 


EXPERIMENT II 
Procedure 


The procedure was exactly that of Experiment I except as follows: Only conditions 


(P8, 8) and (8, 8) were used. The pauses in the stimulus-sequence were lengthened 
1-5{sec. each, and there were 12 subjects, each of whom heard 50 trials of each condition. 
Condition (P8, 8) was presented first to half the subjects and second to the rest. 


Results 


The proportions of correctly recalled Sequences are 0-71 for condition (8, 8) and 
0°64 for condition (P8, 8). The difference is significant (p = 0-038) by a two-tailed 
sign test. Serial position curves are shown in Figure 2. Note that, for the six 
positions beyond the first pause, the distribution of errors over positions is much the 
same under the two conditions, Again, because the various serial positions are inter- 


dependent, no satisfactory statistical test is available, and the fact that the two curves 
do not cross cannot be readily interpreted. 


FIGURE 2 


P(i) 


| £ EF S E T S 9 20 


Proportion of correct digi i iti ve 
tions are used here as in vee ach serial position, Experiment II, The same Co” 


: bic over the last six serial calle 
gits was 0-895 in condition (8, 8) and 0-876 i iti jects I 
i 5 > 76 in condition (P8, 8). Seven subjec =; 
higher proportions of correct digits in th itions i ‘dition ( fan 
condition (P8, 8). There was a tie. ETNE a he G 


; , it is reasonable to su ifference © |. 
may exist here would disappear entirely if i ahap as Cot ee st 


longer. 
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(1) Recalled Prefixes el 
tan prefix (e.g. the one in condition (8, P8)) appears in all respects indis- 
TA able from an extra nonredundant digit that must be remembered, except 
at the prefix is possibly a bit less likely to be forgotten. 
SE first question that arises in trying to understand this prefix effect is whether it 
i S during storage or during recall of the digits. The latter alternative seems 
p enable given the magnitude of the effect. If the prefix effect is some form of 
i seg interference, and if the prefix is functionally equivalent to an extra non- 
ua digit, it follows that the ordinary digit-span must be limited only by 
ai ponse processes. It follows, in other words, that the subject has no particular 
ifficulty in storing a long sequence of digits after a single hearing, and he can recall 
only about nine of them just because recall of the first digits interferes with retention 
a subsequent ones. Several recent studies (e.g. Anderson, 1960; Howe, 1965) have 
S own that there is a certain amount of this kind of response-interference in digit-span 
experiments, but nowhere near enough to sustain this conclusion. The prefix effect, 


therefore, cannot be wholly a matter of response-interference. 
ts the subject with the same sort of 


The alternative is that storing the prefix presen 
Problem as does storing a nonredundant digit. The consequences of this assumption 
depend crucially upon whether or not one assumes that short-term memory is a 
different system from long-term memory. If not—if one assumes only a single 
memory-system—then apparently insurmountable difficulties arise. Why should 
remembering (as opposed to recalling) the prefix impair the subject’s performance 
any more than does remembering his name, his telephone number, and the immense 
Store of other information that he carries with him? 

If, on the other hand, one assumes a separate short-term memory, problems still 
Temain but they are much less formidable. Assume, as must surely be the case, that 

ver reminded to say it after 


he prefix is stored in long-term memory. (Subjects are ne 
Further assume, however, 


Imost never forget.) 
ments like these must also be stored in 


Short-term memory and that short-term memory has a limited ca) ‘ 
es follow. On each trial, presumably, the subject 
it in short-term memory, 


Even the 


long-term memory it can e 
The only problem is that, as 


Can be explained. Because it is in 
hort-term memory as well as 


ere is ample time to store it in short-term memory. 

3 ao the assumption that the prefix must be stored in s 
n long-term memory seems impossibly ad hoc. : 
But this pct on, eeh not very well supported, is at least not totally 
Unrelated to existing conceptions of short-term memory. There is good evidence that 
there is relatively little loss of information from short-term memory as long as rehearsal 
1S permitted, and that any activity that precludes rehearsal results in very rapid 
Orgetting (Peterson and Peterson, 1959). It is but a small additional step to the 
Ypothesis that whatever is rehearsed must be stored in short-term memory. The 
Precise nature of rehearsal is unclear, but it is often said to be quite similar to overt 
utterance except for the Jack of muscular activity. If anything like this is true, then 
Saying the prefix entails rehearsing it. If, in addition, rehearsing it requires that it be 
short-term memory, then jt must follow that a recalled prefix is functionally just 
like a nonredundant digit and that the subject is quite unable to take any advantage 


Of the fact that he knows the prefix. 
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(2) Ignored Prefixes 


Ignored prefixes are, if anything, even more perplexing than spoken ones. It is 
clear both from the subjects’ performance and from introspection that, when the 
prefix is presented, as in these experiments, in the same rhythm as the following 
digits, subjects can neither ignore it altogether nor treat it simply as a “ready” signa’. 
The best evidence is that they inadvertently say it almost as often as they fail to say 
the first digit in condition (9, 9). 

When there is no pause in the presented sequence, it will be remembered, the 
ignored prefix affects overall performance (proportion of correctly recalled sequences, 
about as much as an extra nonredundant digit. Yet, it is somehow possible to use 2 
pause which comes two digits after the prefix to largely mitigate its effects. _ Pursuing 
the speculations introduced above, it is tempting to argue that the prefix is initi L ly 
stored just as a nonredundant digit (perhaps because the subject’s attention-switching 
mechanisms are too slow for him to be able to ignore it and yet attend to another be 
} sec. later) but, given a long enough pause in the middle of the sequence, it is POSS" 
to go back and “erase” the representation of the prefix. This explains the existing 
data but, for the present, it is not clear what further testable consequences it may have 
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SEMANTIC DISTINCTIONS AND MEMORY FOR COMPLEX 
SENTENCES 


BY 


HERBERT H. CLARK and EVE V. CLARK 


From the Department of Psychology, Carnegie-Mellon University and Department of 
General Linguistics, University of Edinburgh 


an This investigation studied what people remember in recalling complex sentences, 
Snr it is certain semantic distinctions or merely transformational markers. After 
a ar intervals 24 subjects tried to recall sentences of six kinds which formed paraphrase 
‘S S: S, before So, S, and then Sy, After Sı So, Se after Sy, Sa but first S,, and Before Sa Sı. 
Vi and S, denote first and second clauses in temporal, not linguistic, order.) Subjects 
emembered the underlying sense of sentences with S,-S, clause ordering better than those 

with S,-S, clause ordering, regardless of transformational complexity. Subjects also 
Showed a response bias, hence better verbatim recall, for sentences with subordinate clause 
Second and for sentences with S,-S, clause ordering. Sentence confusions indicated that 
Subjects remembered three semantic distinctions: the temporal order, order of mention, 
bed events. A theory of memory for 


eae main-subordinate relation of the two descri 
marked and unmarked semantic distinctions was used to account for the results. 


INTRODUCTION 


when they remember sentences? It is a common 


ked to remember a sentence verbatim, often err by 
Tecalling a paraphrase of that sentence. Mehler’s (1963) subjects, for example, often 
Confused active and passive sentences in recall, but did remember the underlying 
Sense of the sentences. Miller’s (1962), and Mehler’s (1963), answer to the above 
question was that subjects remember the underlying kernel string and transformation 
Markers of a sentence independently, and that they are very likely to forget the 
Markers alone, Fillenbaum’s (1966) subjects, on the other hand, made lexical, not 

They replaced 


transformational, mistakes while preserving the underlying sense. 
not open with closed, dead with not alive, and so on. As Fillenbaum argued, people 


Seem to retain semantic information which is not bound to the linguistic form in which 


it was originally expressed (cf. Sachs, 1967). for sentences has a 


The purpose of the present study was to show that memory t a 
semantic, ie than OSSEA basis. Transformational changes, which previous 


Mvestigators have studied, also entail semantic changes (Katz and Postal, 1964). 
© people remember the transformational markers, then, or their correlated semantic 
istinctions? Actives an are used in distinct ways, even 


d passives, for instance, 
though in the most general sense they are eyo : eae a T p 
alking about at the time as the grammatical subject 1m oth acti 
(Clark, 1965; Halliday, 19674, 19678; Johnson-Laird, 1968). To illustrate, Morton 
(x966) has pointed out that ‘ 
a I saw the house. The house was built by the man. 
nd 
I saw the man. The man built the house. 
are both natural two-sentence sequences, although 
I saw the house. The man built the house. 
and 
he man. 
he ntroduces what the reader 


I saw the man. The house was built i 9: 
both seem somewhat odd. The first sentence 1n each pair i 


What do people remember 
observation that people, when as 


7 
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. es the 
expects to be the “theme” of the second sentence, butin the — etl å 
subject of the second sentence does not fulfil expectations. us D j iad 
i i tic information that it was the recip 
assive sentence might remember the semantic tha soe eon tee 
ae action that was talked about and not the actor, and this information i ental 
them to reconstruct a passive sentence. : Because transformations ae oO expend 
semantic changes (e.g. questioning, negation, changes in emphp ii Ea nd Percho- 
ments of Mehler (1963), Miller and McKean (1964), Gough (1965), Savin Si 
nock (1965), and others are difficult to interpret in strictly syntactic ter : er. d 
To demonstrate that people remember semantic distinctions that are no IE 
with transformational changes, we chose sentences which contain a main se dace 
subordinate clause (using before or after) and which describe two Ler 1 author 
events. These sentences were selected because of two observations the ae children 
had made in her study of the spontaneous speech of 34-year-old eS ainburgh)- 
(attending the nursery school of the SSRC Cognition Project, University 0 ked the tWO 
First, in describing two related events with two clauses, the children lin al This 
clauses by intonation and almost always placed them in chronological or i lauses 
they did before—and after—they began to mark co-ordinate and subordina always 
with the appropriate conjunctions. Second, the children at first ge organ” 
placed subordinate clauses after the main clauses. These two facts, taken ond d fler- 
izing principles, can be independently manipulated in sentences with belote the firs 
clauses. Sentences with after-clauses first and before-clauses second satisly fae , 
principle—that events are mentioned in chronological order; but senten 
before-clauses first and after-clauses second fail to do so. ihe expeti- 
The opposition of the two principles in before- and after-clauses allows th ciple 4 
mental verification of a semantic explanation of memory. If the first tec after- 
assumed to be basic to memory, then sentences with before-clauses second an secon 
clauses first should be easier to remember than their alternatives. If the then 
principle of subordinate clause ordering is assumed to be basic to meiga H gence 
sentences with before- and after-clauses second should be easier to remember. 71 cont” 
for the second principle alone would support Miller’s (1962) transformation” ably 
plexity model, since a complex sentence with subordinate clause first is pee A f 
the transformation of a complex sentence with the same subordinate clans on ô 
Evidence for both principles, however, would support the semantic explan 
memory as the most general explanation. 


METHOD ted 
truce 
ynonymous complex sentences, were re root 
To illustrate, the two simple sentences, The prase sexi 
bages, formed the basis of the following parap 
orn before he swiped the cabbages. 
e horn and then he swiped the cabbages. 
the horn he swiped the cabbages. 
abbages after he tooted the horn. 
he cabbages but first he tooted the horn. 
(6) Before S, S,: Before he swiped the cabbages he tooted the horn. t fi E 
nguistic form of the paraphrases, S, and Sọ refer tences, “E 
and second clauses in temporal, and not linguistic, order. In the first three sen a 
r, and in the last three S; follows Sz. onstructty 
ces, constituting 72 such paraphrase sets, were ‘tences y we 
S of the form, The boy tooted the horn, that is, Sen: he su on 
transitive, past-tense verbs and simple subjects and objects preceded by the. T an Weis 
of both simple sentences used to construct each paraphrase set were the same rbject W a 
replaced in every complex sentence by the appropriate pronoun. Thecommon ote witb 
used as a noun cue for each complex sentence. Subjects were therefore preser 
noun cue and complex sentence, such as, 
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The boy. After he tooted the horn he swiped the cabbages. 


were later given the noun cue alone and required to reproduce the sentence. The same 
un cue was used for no more than two paraphrase sets. The simple sentences, all 
d from sentences other subjects had 


ilerent from each other, had been randomly selecte: 
omposed for Clark (1965). The two simple sentences of each paraphrase set were assigned 


their temporal order randomly. 
z The use of noun cues as prompts has several advantages. First, it is natural. In 
b eryday conversation one might ask someone, “What was it you just said about the boy 2s 
ut one would be unlikely to ask, “What was it you said just after you had said the word 
after?” or some other question based on syntactic information. Second, the use of noun 
cues does not bias the results towards either the syntactic or the semantic explanation of 
memory, The cues, on any prior grounds, do not predispose subjects to use any of the six 
licit both clauses of each sentence 


syntactic forms more often than any other, for the cues e! 
equally and give no indication of the subordinate conjunction or its placement. The 


Important result, according to both syntactic and semantic explanations, is how often each 
of the six forms is misrecalled as one of the others; the two explanations differ only as to 
which confusions they predict. It is equally possible, therefore, for the confusions to 


Support either explanation. 


of Procedure. For study, ea 
noun cues and sentences, one from each 
Sentences were divided into 12 blocks of six with b 
Subject was also given a second deck of IBM cards which was ì 
at it contained only the noun cues. The subject was to wr! 

eside the appropriate noun cues. 


After an oral signal, each subject studied th à 4 
at a second signal he turned over that card and studied the second pair for 10 sec.; he 


Continued in this manner through the sixth pair. He then turned to the first card in the 
call the appropriate sentence for the 


deck with the noun cues alone, and attempted to ret z 
first noun cue, After success or failure on the first cue, he proceeded at his own pace 
rd cue, and so on, 


(without i i i th d cue, thi 
int the experimenter) to the secon , t r ) 
aa a is all, ifs waited for the experimenter to signal him 


hrough thesi A 

esixthcue. After the sixth rec: € 3 

$ tudy the first pair of noun cues and sentences 10 the second block. Then the pro- 
edure was continued as before. q ; 

_ Twenty-four subjects, all introductory psychology students at Carnegie Menon prius 
sity fulfilling a course requirement, were run in groups of six. They were tol poe: Taro 
an experiment designed to study their memory for sentences. It was sireno ati ey 
should try to remember the sentences verbatim, and if they could tach pore bere i ie 

entence they should write down as much o: remember. — e 
an example ora ward with the noun cue and its associated sentence printed on it, anda 

€monstration of the experimental procedure. The sessions 

Experimental design. The sentences were presented in a carefully c 


design to free the data from all important position and sequence oten 

esign were (a) to present a subject with six sagter ona in o o i 

Unpredictabl in each block of sentences he received; an ser ch O 

SE: E R E set to a different subject but in the same pee Lee 

se eek “Tus mans fom 7? PRN comune 0 haa Nat 
t j Phi s constra 

for all a abe This order wa Hae combats 


ch subject was given a deck of IBM cards containing 72 pairs 
paraphrase set. The 72 cards of paired cues and 
lank divider cards. For recall, each 
s identical to the first except 
te in the missing sentences 


e first noun cue and sentence for Io sec. 


ounter-balanced 
The aims of this 
he six forms in an 
resent each of the 


uari 
Positio; ithi and the six decks. 
ns (within the block), a be six Latin square was forme 


Six blocks in each deck, another 
forms, the six positions vithin each block, and the six blocks. 
Of these constraints, and there was no evidence that they perce 
Of the six study decks was given to four subjects. 
RESULTS 
i ansi e head of 
The main results are shown in the matrix of gout me fe a wee es 
é A r j rese! 
ach column gives the form with which subjects were p a ere tallied when 


Tow gives the linguistic form of their responses. Recalled sentences V 
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their linguistic form was recognizable (then and and alone were counted s TA 
conjunction and then) and when at least one of the two clauses was partly Ke oe 
This method of scoring was used since the temporal order and order of mention nie 
events were of greatest interest and since most verbatim errors within clauses m ie 
from substitution of synonyms for single words. Approximatly one third 0 A 
recalled sentences in the first twelve rows of Table I contained at least one ene 
error, but the matrix of confusions for the errorless sentences closely matches 
matrix shown. 


TABLE I 


CONFUSIONS AMONG SIX LINGUISTIC FORMS 


Sentence recalled Sentence presented 


al: 
(x) @) aD a (5) (6) Subtotals 


(1) S, before S, T70 52 36 II 8 41 jen 
(2) S; and then S, 3s aa g% m à 7 o| 2% 
Temporally (3) After S, S, 23 40 83 10 I 9 i o7 
correct (4) S» after S, 5 15 155 66 60 oe 
(5) S, but first S, o if o 5 83 17 ; 6 

(6) Before S, S, I o I 8 14 52 7 
Subtotals 234 232 230 200 179 188 1,263 
(1°) S, before S 3 4 2 30 29 97 
(2’) S and then S, I 3 Í o 20 12 52 
Temporally (3’) After S, S, o I I II 8 13 34 
incorrect (4°) S; after Sp II 8 6 6 3 3 37 
(5°) S, but first S, 3 2 3 3 4 2 a 
(6°) Before S, S, 3 4 2 o 3 | 8 

Subtotals 2I 22 20 «4657 68 60 ae 
Blanks [35 12 22 10 17 20 a 

Miscellaneous| 18 22 16 21 24 20 oe 


The responses in the first six rows of Tab 


le I are synonymous with the 
sentences. Those in the second six rows have errors in temporal order in the 


describe the two events as happening in reverse of the presented sentences. "ney 
first three rows the responses have an S,-S, clause order; in the next three rows 
have an S,-S, clause order. 


A semantic explanation of memory was clearly supported by the data. Sub 
remembered the underlying sense of S; 


a -S; sentences more often than of Sy-Si á 
regardless of the linguistic form of the sentences. This effect is seen in the C°« Sy 
subtotals for the first six rows in Table I; the subtotals 234, 232, and 230 for * By 
sentences are consistently larger than 200, 179, and 188 for the S,-S, sentences, he 
an analysis of variance, these six subtotals differed significantly, both es with 
subjects as the sampling variable (EF = 9:63, a.f.=5, 115, p< o-o0r) ap BY 
paraphrase sets as the sampling variable (F = 12-32, af, = 5,355 $ < pont ete? 
Duncan’s multiple range test, each of the S,-S, sentences was significantly B 
remembered at p < oox than each of the S.-S, sentences. ften 

Not only did subjects remember the underlying sense of S,-S, sentences more Je" 
but they made fewer errors of temporal order for SS, Sentences: This @ 1s 2” 
mentary effect is seen in the column subtotals for the second six rows; the subtot m5 
22, and 20 are consistently smaller than 57, 68, and 6o. On the other hand, the 


te! 
resen 
That they 
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of the two subtotals in 

each column are approximately equal; i j 

am the: Set cane mie sentence equally well for the ae oars a a cs 

omega acy on | “i the sense of S,-S, sentences less often, not een fey 

een at 1 — fragments altogether, but because they made fee 
Two distinct nemo o dadar di i i 

re were found in recall—one towards S,-S, 

iaraa ba = sentences with subordinate clause second. The pare re 

tie ne i E responses are indicated in the row subtotals (the last column) in 

See cf riedman two-way analysis of variance by subjects, the first six 

iffer significantly (x? = 58:06, d.f. =5, p< o-oor). First, e 


preferr æ 
ed S,-S, sentences over S,-S, sentences: they produced S, before S, more often 
; and S, and then S: more often 


th a s 
an S, after S1; After S, Sp more often than Before S 
ificant at p < 0-005 by a sign 


than 
S, but first S, (the second two differences are sign 
tences with subordinate clause second over 


te ja 
laa subjects preferred sen 

rea with subordinate clause first: the differences between the two sentences with 
uses and between the two with after-clauses were both significant (at 


p sbi by a sign test). 
Mein eae e subjects recalled in literally correct form directly reflected this 
Sents wei They recalled more S-S, sentences than S,-S, sentences, and more 
The-talt z 3 subordinate clause second than sentences with subordinate clause first. 
Table 1 y S iterally correct recalls is found in the diagonal of the first six rows in 
cantly ir PY Lege of variance by subjects, these diagonal entries differed signifi- 
they fell rg 16-69, d.f. = 5, 115, $ < 0-001), and by Duncan’s multiple range test, 
ficantly bet j two groups: S, before Sa, So after Sy, and S, and then Sẹ were each signi- 
Sot er recalled at (p <o-ox) than each of the others. 
ar we have discussed two effects, those of S,-S, clause ordering and main- 
ly clear in the confusions in 


Subordi i i i i 
dinate clause ordering. A third effect, immediate 
ts were mentioned in a 


Ta ; 
ble I, is the effect of order of mention. After two even 
they tended to be recalled in that same order 


bao si in a presented sentence, 

Sentence we? led sentence. For example, the first three columns represent S,-S. 

„i.e. sentences in which S, was mentioned before Sə. The predominant con- 
n when a temporal error 


fusi 
1 5 
ons for such sentences were with other S,-S, sentences, eve 
ly confused with other 


had 
i oe made, Likewise, SxS; sentences were predominant 
2-5, sentences. 


Discussion 
better a 
accuracy for sense 


ble to remember the sense of 
was not related to 
‘or mode of response, however, were. 
wed a bias towards sentences with 
sentences. Their literally correct 
s—were in direct agreement with 
embered only the order of men- 
with each other and the SxS, 


findings: subjects were 


To review the main 
sentences. Their 


yt sentences than of SyS 
x sformational complexity. Their preferences f 
hot what they remembered, subjects sho’ 
reall inate clause second, but also towards S;-Se 
is S—as opposed to their sense-preserving response 
tion erg bias. Furthermore, subjects often rem 
Set fen two events, confusing the S,-S, sentences 
nces with each other. 

ar theory that subjects remember kernels plus transform t Tiller, 
su ), cannot account for the present results. It does not predict the subjects 
foe memory for S;-S2 sentences over So-Si sentences OF their memory for order of 
oe of two events, although it does predict their superior memory for sentences 
ith subordinate clause second (if these sentences are assumed to be transformation- 
Jause first). It will be shown that this 


alya; 
lly simpler than sentences with subordinate ¢ 


ation markers (Miller, 
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latter finding can be included within a more general theory of memory for semantic 
distinctions, a theory which also predicts the first two findings. 

The theory we propose to account for these data rests on the concept of marked and 
unmarked semantic distinctions. Many semantic features, such as the singular- 
plural feature in English, consist of two forms—the syntactically simpler, unmarked 
form, and the more complex, marked form. Singular nouns are unmarked, while 
plural nouns are marked, usually by an added s (see Greenberg, 1966). Analogously, 
semantic distinctions in sentences can be marked or unmarked. The semantic- 
distinction theory states that: (a) in reading sentences, subjects extract as objects of 
memory certain semantic distinctions; (b) subjects suffer memory loss by forgetting 
that a distinction was marked or, less often, unmarked, or by forgetting particular 
distinctions altogether; and (c) when attempting to recall earlier material, subjects 
reconstruct sentences based on the semantic distinctions they remember. y 

Thus subjects can forget two things—the marking of a distinction, or the distinc- 
tion itself. They will forget that a distinction was marked, however, more readily 
than that it was unmarked. To illustrate, subjects might be presented with open and 


are marked, and those without are unmarked. At times subjects would forget the 
open-closed distinction, and recall zot open or closed instead of the presented words. 
But in making errors of marking, they would recall not open as closed more often than 
closed as not open. This asymmetry is indicated in Table II, a hypothetical matrix 0 
If the two forms were confused with 
each other equally, the matrix would have equal diagonal and equal off-diagonal 
entries. A marked form, however, is mistakenly recalled as an unmarked form more 

isdi 


TABLE II 
HYPOTHETICAL ConFusio 


N MATRIX OF MARKED AND UNMARKED FORMS 


Presented form 


Recalled f U Unmarked Marked 
orm .. nmarked ., highest i ighest 
Marked | ghes third hig! 


or lowest second highest 


theft second, in temporal order, 


second, in order of mention. 


pais : ooting in the main clause was fixe 
in time and the theft in the was eal in time relative to the 


tooting. The last distinction is the main-subordinate relation of the events. Tae 
ny pd ae lig aa to the present Subjects, since they preserved each ° 
em, respectively, in 84, 88, and 74 per cent. of their re. ing blanks 4? 
miscellaneous responses) P e eE cg > 
Of the three distinctions, two occur in marked and unmarked form; each marking 
serves to relate one distinction to another. Order of mention can be marked. Usually» 
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order of mention indicates temporal order directly. It becomes marked when some- 
thing in the sentence indicates that the event mentioned first actually occurred after 
the event mentioned second. In the above example, the tooting happened before the 
theft, but was mentioned after the theft. Thus the sentence is marked for order of 
mention, as are all S,-S, sentences. The main-subordinate relation can also be 
marked. The usual unmarked form is with the main event mentioned first. The 
distinction is marked in sentences which mention the subordinated event first, as in the 
above example and all other sentences with subordinate clause first. Marking for 
order of mention indicates a specific interaction between order of mention and 
temporal order, whereas marking for main-subordinate relation indicates an inter- 
action between main-subordinate relation and order of mention. The six presented 
sentences are given in Table III with their appropriate markings. 


TABLE III 
MARKED AND UNMARKED SEMANTIC DISTINCTIONS 


Semantic distinctions 


Linguistic forms Order of mention Main-subordinate relation 
(1) Sı before S, .. a T unmarked unmarked 
(2) S; and then S, ae x unmarked (unmarked) 
(3) After S; Sp .. oe wa unmarked marked 
(4) Sy after Sy a we es marked unmarked 
(5) S but first S, .. 53 ite marked (unmarked) 
(6) Before S, S, .. oe > marked marked 


a E eS 

The theory proposed here fits the data well if we assume these three distinctions, 
two of which can be marked. Order of mention will be considered first. Table IV 
gives a classification of order of mention errors in a confusion matrix. The upper half- 
matrix resembles the hypothesized configuration in Table II, as it should. The lower 
half-matrix, containing temporal errors too, must be considered separately. If 
subjects had made symmetrical marking errors, this half-matrix also should be sym- 
metrical about its main diagonal. But some subjects must have remembered order 
of mention while forgetting temporal order. When presented S.-S, sentences, such 


TABLE IV 


Matrix oF Conrustons BETWEEN S;-Sg AND S,-S, SENTENCES 


R phe ae a Pe 
ecalled form -S, Sentences S; Sen 
id ae rhs) > (marked) Totals 
874 
o 
S,-S, Sentences Coy Se 
1—4 (anmarke 
_S, Sentences 460 489 
ae aes ad (marked) Ss 567 1,263 
Subtotals 
160 181 
s,-S, Sentences 2x 
2 * (unmarked 
tences 25 67 
Temporally  S;-S2 Sen! 2 
Monae % (marked) = 185 ae 
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subjects had their choice of recalling a marked temporally correct sentence [eca 
with 460) or an unmarked temporally incorrect sentence (the cell with 160). J ef: 
subjects, preferring the unmarked form, chose the latter temporally incorrect ae, 
When presented S,-S, sentences, however, such subjects had to choose between i 

unmarked temporally correct sentence (the cell with 667) and a marked temporally 
incorrect sentence (the cell with 42). Again most of them chose the unmarked torma 
increasing the number of temporally correct responses. The cell with 160 had pesa 
inflated, and the cell with 42 deflated, because of memory errors towards the i. 
marked form. This reasoning would explain the important finding that subjects 
remembered the underlying sense of S,-S, sentences more often than of S,-S, sentences. 


TABLE V 


z D 
MATRIX OF CONFUSIONS BETWEEN SENTENCES WITH SUBORDINATE CLAUSE SECOND AN 
SENTENCES WITH SUBORDINATE CLAUSE FIRST 


Recalled form Presented form 
Main-subordinate Subordinate-main 
order order 
(unmarked) (marked) Totals 
Main-subordinate 359 I3I 490 
order (unmarked) 
Without order Subordinate-main 
of mention order (marked) 45 150 195 
errors Subtotals 404 281 685 
Main-subordinate 26 66 92 
order (unmarked) 
With order of Subordinate-main 
mention errors order (marked) II 12 23 
Subtotals 37 78 115 


ea ať a 


inflated the upper right cell (with the 66) 
cell (with the 359) 


P f 
It was the unmarked forms that subjects most often preferred as their mode ° 


recall. S, before S,, which was completely unmarked, was used most often. Bé se 
Sa Sy, which was marked for both order of mention and main-subordinate relation, we 
used least often. The other two subordinated forms, both marked on one distinctio™ 
fell in between the two extremes. The unmarked co-ordinate form was used more oft®! 
than the marked form. The present theory would predict these biases, just 3° 7 
predicted the bias in the above hypothetical example (Table II). A tendency ek 
distinction to lose its marking makes the unmarked form more frequent. = 
The three semantic distinctions mentioned above, to be of use, must have indepen 
dent linguistic justification. Al three, of course, have obvious syntactic origins. 


-a 


1 
K] 
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presented sentences have purely syntactic devices to distinguish first and second 
events in temporal order, first and second events in order of mention, and main and 
subordinated events. Which forms are unmarked and marked, however, is a more 
difficult question. When a distinction is unmarked in a sentence, that syntactic form 
is simpler or more primary. One traditional way linguists have decided on which form 
is primary is to rely on an impressionistic judgement of frequency of usage. As 
mentioned before, young Scots children talk about events in their order or occurrence 
and almost never reverse the order. It is easy to see why In telling stories and in 
talking about events around them, they indicate the order of events. The reason 
might be that they know it is important to do so, or that they necessarily recall events 
in the order in which they happened, or otherwise. Whatever the reason, before they 
have at their command the use of subordination and certain relation words, the only 
way they can indicate temporal order is through order of mention. Order of mention, 
therefore, would seem to indicate the temporal order of events to young children, and 
any deviation from this pattern must be syntactically marked. A similar argument 
holds for the main-subordinate relation. When these same Scots children first use 
subordinate clauses, they almost always place the subordinate clause after the main 
clause (see also Davis, 1937; and Heider and Heider, 1940). This ordering is a 
reasonable choice, for in it the fixed event becomes the event first mentioned—the 


theme of the sentence or what the speaker is talking about—while the subordinated 
event is mentioned second to indicate that it “modifies” the theme. 
The marking of the main-subordinate relation has further justification in its formal 
se is imbedded in » 


linguistic analysis. Lees (1961) suggests that the subordinate clau: 
kernel strings or sentences in place of time adverbials (such as then). The clause after 


he ate, according to this view, replaces the word then in (the underlying structure of) 
the sentence He left then to produce the complex embedded sentence He left after he ate. 
Halliday (19670), however, points out that when a speaker places then at the beginning 


of a sentence, as in Then he left, he is marking then as the theme of the sentence. In 
ked theme, for the subject of the verb 


He left then, on the other hand, he is the unmar 

is the unmarked theme in English. Similarly, we argue that After he ate he left is 
marked and He left after he ate unmarked. When an English speaker wants to make 
the subordinated event itself the theme of his sentence, he marks the sentence syntacti- 
cally by inverting the main-subordinate clause order. 
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The effe 
ct of attention on cerebral dominance and the asymmetry between left and right 
ning task. Right handed subjects were pre- 
in either the 


ears was i $ 
a npea using a selective liste 
right or left Sores a dichotic speech messages they shadowed one message in 
eard a s: peche and at the same time tapped with either the right or the Jeft hand when they 
Subjects’ a Ms ed target word in either message The ear asymmetry was shown only when 
targets in th ention was focused o the task: they tapped to more 
More shad he right ear, but only when t 
verbal res owing errors with the left ear message, 
Tesponse Ronee of shadowing showed the right ear 
apping with apping. Tapping with the left hand in 
of ear asym the right hand, but there was little correlation between t! 
ominance metry over individual subjects. The results support the 
and right is primarily a quantitative difference in the distribution of 
Cienc ear inputs reaching the left hemisphere speech areas. This affects poth the 
Verbal y of speech perception and the f response CO’ tion between simultaneous 
and manual responses. 


degree 0 mpeti 


ral dominance, 


T : 
he relations between cereb 
last few years 


arou 
T renewed interest in the 
and ganuon, 1965; Gazzaniga and Sperry, 1967): sil 
Probl ll are easy to show in normal subjects, although their interp. A 
ist ems, particularly with regard to alleged But differences 17 
ee to speech have proved trate a Reay 
et cts, For example, Palmer (1964) found no 4 olds for oe a 
sli ae the right and left ears although the discrepancy pie ere f 
if tly greater for those who did better with th ar): The di a a jor E 
BE is not surprising when 0n° considers 7 Seth pecs 
es i the striking asym ries i 
aon A Mactan. pee pkey dominant for language ate 
eured in some way, Whether py brain lesions © eae 
cer tial sodium amytal (Penfield an Roberts, 1959)» aes 
n oa hemispheres have been separate cally (Gazzaniga et al., 1992 
hese patients it has been possible i 
Gazzaniga an 


angua, : 

ge are bilaterally Te vesented. G22” " 
al ilaterally rep 
eee the expression of langua: i ford pees $ 
gue i th written an 
eee ca aes LG on re able, for example, t with the 


le 
pues an object whose name OF 
iS in Sepa ae ten i h ization of speech perception ; (2) the degree 
ipsilateral and contralateral 


m 
mast be considered: (1) Ehe desee a of tpe bwo a ae! 
symmetry in the representation 0 


mons) 


h areas ©. 


ight ears, two factors 
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i 1 
i - These two factors are difficult to separate in the performance of norma, 
ee i patients with left hemisphere lesions, provided they are not roa 
do no worse in the reception of normal speech than patients with lesions in ae 
hemisphere. However, distorted speech is worse perceived when arriving on t 7 a 
contralateral to the lesion (Calearo and Antonelli, 1963). This suggests tha ` 
pathway from the contralateral ear (whether left or right ear), may be more importan 
in speech perception than the ipsilateral pathway. Rosenzweig (1951) found e oe 
cats, auditory inputs affect the two hemispheres unequally, the amplitude o ri 
ipsilateral response being appreciably less than the contralateral one; latency an 
ion were equal. 3 
eS REGERET, Kimura (1961), Milner (1962), Dirks (1964) and Satz et al. (z965), 
have shown that asymmetries in the performance of normal subjects can be tbe 
by overloading their limited capacity. Although a message to either ear is na E 
equally well when given alone, if two messages are presented together response to th 
message reaching the ear on the same si i 
usually less efficient. To what extent is this asymmetry in speech perception attribut- 
able to an asymmetry in the distribution of attention, the result of the incoming 


"one message and also 
currence of certain specified target words. If one 
was to tap with a ruler. 
message, 86-5 per cent: 
e target words and the response load for the two 


In a control condition in our earlier experiment, 
Subjects always tapped with m 
right ear targets. There was n 


number of primary targets detected, but more 
secondary targets were heard on the left ear. More words were correctly repeated on 


(Penfield and Roberts, 1959). 
controlled exclusively by the left 
target words can be made by eit 
left or right motor cortex, 
likely to reveal asymmetries in performance? 
Firstly, do the left and rig t hemisphere speech area differ 
qualitatively, in some way determined þ 
only quantitatively? If the asymmetry 
ated completely bya counter-balancing bi 


gee 
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when the subject was biased away from the left ear both by the task and by the 


natural right ear dominance. 
Secondly, does the asymmetry vary with the nature of the response required? 


Both the verbal response of shadowing and the manual response with the right hand 
are organized in the same hemisphere in which the speech is analysed. Is the input 
asymmetry between right and left ears more apparent when the response is made 
with the left hand? Or, since the right ear dominance applies only to speech messages, 
is the asymmetry revealed only by verbal responses which require some linguistic 


analysis of the message (by shadowing, but not by tapping). Possibly subjects might 
even be able to monitor for one specified, simple speech sound equally well with either 
ght be affected only by hand and not by 


hemisphere, so that the tapping response mi 
ear dominance. If so, the verbal context should have less effect on performance with 
the left ear, since the context would be analysed mainly by the left hemisphere. 


Thirdly, how does the asymmetry affect response competition between the two 
responses to primary target words? Is this determined anatomically? For example, 
is the competition greater when both responses are organized by the same hemisphere? 
Or does it depend on functional capacity, so that interference with the repeating 
response is greater when the left hand is tapping because this is less skilled and so 
requires more of the response capacity available? Finally is there any demonstrable 
stimulus-response compatibility, such that the right hand taps more easily to right ear 
inputs and the left to left ear inputs? The latter would be possible if, for example, 
the monitoring task could be carried out in the right as well as the left hemisphere. 
Then perception of the target and response to it could perhaps be organized in parallel 
for the two messages by the two hemispheres. y ; 

` Figure 1 may help to clarify some of the problems we have raised. Our experiment 
certainly does not give final answers to these questions, but it gives some indications of 
which factors are likely to be the most important. It also helps to confirm or clarify 


some points in our earlier experiment. 
FIGURE 1 


Left ear 


Contra- Right ear 
lateral 


path eee 
(strong) -~"Tpsilateral 
h 
Perception of speech (aah) 


and target word 


\ ee 
IEE Cross 
i i hemi- Tapping 
hadowin Tapping 
ae pes 
1 
1 


Oral 


shadowing 
i i input, output and left-right asyn 
Possible relations between 1mp ron a ee ees aot 


weaker paths are shown by dotted lines. n 
increased when different biases are introduced by attention.) 


Right hand Left hand 
ametries. (Potentially 
ld be cancelled out or 


METHOD een 19 and 31 years. All 


i ight- bjects aged betw y 
uj S an oe cae ae baked “ether they preferred their left hand 


were self-classified right-handers. 
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for any kind of task, and only one mentioned an instance—(she used her left hand tor 
back-hands in tennis). They were volunteers, all Oxford undergraduates, and were pai 
four shillings an hour. 


Stimulus material. Sixty-four 150-word extracts from Conrad’s novel Lord Jim were 


prepared as follows: each passage had one target word inserted at three different points. 
Four different target words were used: “ 


night, trees, hot, and tired,” and each was used in 
eight pairs of passages. In half the pas: 


sages, the target word did not fit into the context 
of the passage, and in the other half the co 


, both being either in or out of context. All target words 
on either ear in each pair of passages w 


given in the first or last 10 words in the Passage. All passages lasted about r min. They 
were spoken in a monotone and with pauses minimized. 


Procedure. The experiment took 


two, 1-hr. sessions which arate days: 
The first session was preceded by half an hour of practic i bray bo 


d). Subjects were fi k loudness 
of the dichotic messages, listening to both A onda ere first asked to equate the 


‘Owing errors. If any target wor" ds 
ite the fact that their attention was 


4 message were discarga 
; e subj itching, 
S in the shadowing response j jects both reported swi 8 


(4) shadow lef: 

ere were 16 pairs 0 Passages į i 
ce ee 8es in each session, two in iti i ay 
eee es Tested for 5 min, after the first nl ee TE 4 
second session fo F .<tbalanced with the opposite hand in the 
inte ome le, if “Hot” in context was shadowed last i 
2 in condition “ 1t hand,” “Hot” in context woul 1l 
t ear, tap with left hand.” 4 

Table I gives the main findings, 
percentages of correct tapping Tesponses 
to “other words” (all words exce 
five Succeeding them), There y 
between different su 
therefore anal 
conditions, 


It shows for each ear-hand condition th® 
and shadowing 


Pt the target words, 
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TABLE I 
PERCENTAGE WORDS CORRECT IN TAPPING AND SHADOWING RESPONSES TO THE Two 
MESSAGES 
x Tap to 
Shadow Tap to target in target in other 
Shadow target word other words shadowed message message 
Out of | | Out of 
In context | context | In context | context 
Con- 
dition* | Mean | s.d} Mean | s.d. |Mean| s.d Mean | s.d. Mean | s.d. |Mean| s.d. 
ReRu 95:8 | 45 | 86x] 15:1 | 89:7 46 95'1 | 53 | 889 | II5 | 25°0 | 13°7 
Rely g5r | 6:0 86-1 | 11:9 | 895 | 474 92:4 | SI 88-2 g0 | 26-4 | 18°5 
LeRu 91:7 | 83 81-9 | 13°6 | 82:7 | 85 gto | 9°5 88-2 | 12-4 | 20:5 | 17°5 
LeLu 95'I | 5'1 77t | 2171 | 838 8-6 93°0 | 7I 88-2 | 12°2 | 201 | 14°7 


d; ReLu = Right Ear Left Hand, etc. 


words in the passage to which the 


* ReRu = Right Ear Right Han 
e ear receiving the target v 


The ear shown here is always th 
results apply. 

+ The standard deviati 
variations between subjects, while 
entirely on within subject compariso! 


‘ons are derived from the transformed (arc-sine) data. They reflect the 
e the Analysis of Variance (described in the results) was based 


ns of the different conditions. 


(a) Shadowing target words. Subjects correctly shadowed rather more targets in 
failed to reach significance because of the 


the right than the left ear, but the difference : j 
high inter-subject variation (F ratio = 2°37, afe T IGS 0-2). As in our previous 
experiment, target words which fitted into the verbal context were more often 
shadowed correctly than those inserted at random points (F ratio = 15:0, d.f. 1, I1, 
< 0:01). However, the interaction between ear and context was not significant. 
(b) Shadowing other words. Here the difference in efficiency with left and right ear 
messages did reach significance (F ratio = 7'6 UF TERE 0:025). Subjects were 
more efficient at shadowing the right ear. i 
(c) Tapping to target words in the shadowed message showed no Sl 
either of ear or of hand or any interaction; verbal context was ag: 
(F ratio = 6'0, af. Sins 0:025), but did not interact with ear. Ea 
(a) Tapping to target words in the non-shadowed message. Subjects were more ns M 
to tap when the targets were in the right ear and the subject was shadowing the le: T 
ear (F ratio = 7°27 df Tp IIDE 0:025). There was no significant effect of ie 
used, and no effect at all of verbal context (F ratio = or). The difference in taps to 
shadowed and non-sha n highly significant, as 1n the previous 


dowed message was agal 

experi t (F ratio = 283:7, 4.f. 1, 15 p < 0-001). ; 

T e competition. It is possible also to examine the effects of response 
interference, given that the target was perceived corey, Taking only ae bet 

in th i i i esponse, 

word hadowed message which did receive a apping T 
eN ere iso correctly shadowed when either the left ear or the left hand were 
used compared to the right ear Or the right hand; (the means for left versus right ear 
were 93° and 96:4, F ratio 5°38, af. I, 1% p < 005, and the means fore 
right hand were 94-4 and 95:7, F ratio= 8:93, Gf. D TER < Zo Dain | nly 
those target words which were correctly shadowed, neither ear nor ha 


proportion which also received a tapping response. The asymmetry in response inter- 
ference shows only with the verbal response. | a 

To get some further indication of response intereference, We 
tapping on the shadowing response to words around the target as we 


gnificant effect 
ain significant 


ked at the effect of 
]l as on the target 
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i five 
ds in the range three before to 
i ble II shows the mean per cent. of wor i : 
RoR fal which were omitted or wrongly repeated (a) when the subject tappe 
and (b) when he failed to tap. 


TABLE II 


Ji IGE EFORE TO 
PERCENTAGE ERRORS AND OMISSIONS IN SHADOWING WORDS IN THE RANGE 3 BEFO 
par 5 AFTER TARGET WORD 


ee 


Shadowed passage Other passage Other ip elt 

when subject when subject when subjec s 

tapped tapped missed tapping 

Condition* Mean s.d. Mean s.d. Mean s.d. 
ReRa 14°3 6-6 392 18-7 13°6 AT 
RgLa 16:3 8-3 404 23°9 132 5'5 
LpRu 20I | 92 313 132 8:3 53 
DAA 23°3 12:0 32°1 19:8 8-1 7e 


* The ear shown here is again the ear which receiv 
for the “Other Passage” in conditions LẹRy and Lela 
ear and in conditions RpRy and ReLy he was shado 


t 
ed the relevant target words, so Looe 
, the subject was shadowing the rig 
wing the left ear. 


(x) Interference from targets in the shadowed message. 


The analysis of variance for the sha 


dowed message showed significant differences 1" 
interference with both ear (F ratio = 


5°74, d.f. I, 11, p < 0-05) and hand (F ratio g 
5°65, d.f. 1, I1, p < 0-05) when the subject tapped. The efficiency of shadowing i 
words around the target when the subject tapped was significantly less than M 


efficiency in shadowing the other words (F ratio Mak Ti, p < 0o01) and, ao 
surprisingly, there was a significant interaction between hand and target-versus-othet 
words. However there was no interaction between ear and target-versus-othe 
words, so there is no evidence here that the extra response of tapping increased t j ; 
effective asymmetry between the ears on the verbal response of shadowing. Th 
effect of verbal context w: 


as not significant. 
(2) Interference from targets in non-shad 


ca ar ii, 
f was again significant F ratio = 11-97, d.f. 1 
p < oox.) Shadowing efficiency to = KS S A greater 


nses to detected target words, The shadowing 
e words after the targi 


E e 
et; we unfortunately inclu 


fa 
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too few words in our interference range. Certainly there is no evidence of any 
increase in interference from targets to which the subject made no tapping response. 
This confirms our previous findings, which we took as evidence that the verbal ` 


content of the non-shadowed message is not normally perceived, so that targets which 


are not tapped to are simply not identified. 

Figure 2 represents these results graphically and shows how the interference is 
distributed over the context of the target words. The errors and omissions have been 
subtracted from those for shadowing other words in the corresponding hand-ear 
condition, so the graphs represent deviations from this basal rate of shadowing 


efficiency. We wondered whether either ear or hand or verbal context would affect the 


spread of interference or the point at which it peaked in the range of words around the 


target, but we found no significant interactions with any of these variables. 
One point of interest is that the interference for the primary message starts only 
after the target word has been repeated, while for the secondary message it starts 


immediately the target word is heard. (In the previous experiment we showed that 
onses was about three words.) This 


the lag for both shadowing and tapping resp ; 3 eal 
suggests that perceiving the secondary targets interfered with repeating back t etwo or 
three words which had just been heard, while this was not the case for the primary 
targets. The difference between secondary and primary messages must be due to 
having two different stimuli rather than one for the repeating and the tapping 
responses, since the two tapping responses do not differ in complexity or information 
load for the primary and secondary message. 


FIGURE 2 
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when tapped 
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The final question which interested us was the relation between ear yomen = 
hand dominance within individuals, as revealed by our it i ae oe nigh ord 
i i tween left an 
f product-moment correlations on the differences e i 
Nam ast left and right hand efficiency over individual subjects (scores m : 
to radians). The results are shown in Table III. One surprising point is how 


TABLE III 


E ES 
CORRELATIONS BETWEEN EAR AND HAND ASYMMETRY ON VARIOUS RESPONSE MEASUR 


| Primary taps | Secondary taps | Skadom target | ctier words | incite aes nd 

| Zar | Hand | Ear | Hand | Ear | Hand | Ear | Hand | Ear Hand | Ear | Hand 

Primary Ear | a ae 

biti Hand | 0-04 — 

Secondary taps Ear | oog | oo8 | — 

Hand | —0-47 | —0-39 | —o-48 — 

Shadow target Ear o8rt] 0-08 O24 | —0'53 i ——— 

Hand 003 0°66*| 016 =a 0-20 Ee 

Shadow other Ear œ65°| 016] oog |—o-2r œ72ł| o05 ea. 

mores Hand 004 0'44 —0-40 9°09 | —o-09 0°36 | —0-03 at 

Primary inter- Ear —9'54 | — 039 0-07 0°21 | —0-62*| —o-19 —0'92$] — orr ka 

aoe Hand —068}| — 0'32 004 0-00 | —o-3r 0°33 oag | Org 0-06 ae 

Secondary Ear | oe. | ose 0°27 | —o-10 052 0'22 076| 16 —0:64*| — 0'30 == 
EEEo Hand |—o3r | 0-00 or | oar |—o12 | 031 | —ov09 | —o-5r oor | 0-47 | —0-07 

Level of significance: * b < 0025, 


tb < oor tp < ooo5 or higher, 


was to tap to a right ear prima: 
hand would cause. 
between ri 
the inter- 


on the whole, unless the two re 
word (i.e. the primary target word). 
correlation between 


tapping to primary targets on the 
words on the right ear, Asymmetri 
late with any other respo: 


across prima: 
attention) 


ch reached significance was m 
right ear and shadowing omne 
es in tapping to secondary targets did not pone 
nse asymmetry which corset 
te the disparity introduced es 
he interference from tapping j 
The less the interference from 
e the subject was to a right ear target in the secondary 
hadowing the left ear). 


The effect is probably indirect a” 
he subject was shadowin, 
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i This experiment has again ne 
eft ear p 7 some degree of asymmet: be i 
1961; ap ee Soa perception. Most of the earher A ae 
D oadbent a yo atz et al., 1965) used Broadbent’s dichotic digit recall task 
luva e i o ers the left-right differences, and found it mainly, though not 
tack Oar aed at half span, which is the most memory-dependent part of the 
respenices, 3 ae en shows that the differences may also emerge with more immediate 
iiéwions Andin ares with tapping to secondary, non-shadowed targets reverses our 
alar mh - ere the right ear targets were detected more often, while in our 
sae eae a ES it yen the left ear targets. The present experiment is probably 
Ben AE ta 2 ce it is based on 12 subjects with 16 passages per ear and a mean of 
about ro E ia oan tapping responses, compared to ro subjects, seven passages and 
Eroeypertarty j: . tapping responses. Nine of the present I2 subjects show the right 
ae was po , two show no difference and only one the reverse. Either the earlier 
ab eet ue to sampling error, Or alternatively it might have been due to the fact 
Bat oF jects used separate hands to tap to primary and secondary targets in the same 
Fargas Paes the left hand for left ear targets and the right hand for right ear 
Ve P will discuss this possibility later. ; 
We eae ht do the present results throw on the problems raised in the Introduction? 
ider first the asymmetry between right and left ears. To what extent is the 


Tigh P b Jak 
Aa Te dominance simply a quantitative one, due perhaps to an unequal distribution 
ention? Our results confirm that t try can disappear completely, 


— he asymme 
sufficient! anata simultaneous messages, provided that the subject’s attention is 
are ta) o ocused on the task. In the primary or shadowed message, left ear targets 
dieting’ a to as often as right ear targets and are repeated only slightly less well. The 
When Hog decrements can both be attributed to lessened degrees of attention: (1) 
when | e subject is tapping to targets in the secondary, non-shadowed message ; (2) 
fan he shadows the “other,” non-target words for which is he not specifically set to 
. Notice that the tasks are identical to those showing 


sublets direct! 1g no asymmetry: only the 

could b s direction or degree of a This quantitative asymmetry 

thes e due either to a weaker e tio in messages arriving at 
peech areas from the left ear, 


the perceptual capacity in 
eg mechanisms between right and left ear inputs. Several subjects com- 
ed that the left ear became markedly easier t 


aft o attend to in the second session, 
Taare degree of practice. (We did not compare the sessions quantitatively, since 
ifferent conditions were not completely counterbalanced 


de within sessions.) If the 
“crease in asymmetry were genuine, it would perhaps support the second alternative, 
e available capacity for spe 


ay subjects might learn to share th ech recognition more 

Ciently with the left ear, when this carries the more important information. 

Secondly, we asked whether the degree of asymmetry between the ears varied with 
ld be less apparen’ 


tł S V 
a nature of the response required, whether it wow t with manual 
Ponses than with verbal measures of performance requiring linguistic analysis of the 


Sti s 
imuli. (Other dichotic experiments have all used verbal responses.) Our results 


S 3 ` 
uggest that this is the case. The shadowing response shows the right ear dominance 
onse, particularly when the two responses are 


a Searly than the tapping TesP : 
eae ing. Although targets 1n the shadowed message are tapped to equally well in 
oris ear, the subjects are more miss repeating back these same targets or the 
Da s around them when they ar ur results do not make it 
fon r whether this verbal-manual ate factor, or whether it 
; is a result of differences in t Perhaps our subjects 

Pontaneously put more effort in 


ttention is different. 
ffective signal-to-noise ra 
or to an unequal division of 
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The absence of any interaction in tapping response scores between verbal et i 
d is rath inst the idea that left ear targets are monitored separately in 

Hehe: Hemieohere, dites of thi r ld expect less effect of verbal 
right hemisphere, since if this were the case, one would exp s een 
context in tapping to left ear targets. In fact there is some suggestion (no cine 
ally significant) that the left ear suffers more than the right in the shadow ach re 
when the targets in the primary message are out of context. This difference is oan 
opposite direction from that predicted if the right hemisphere were used in sei me 
the target words. One might also expect better performance for left ear-le th He 
combinations than left ear-right hand. The difference in the present experimen 
bee crea we have to explain the puzzling reversal of dominance for tapping = 
secondary targets in the earlier experiment. Here the left ear—left hand combmation 
was better than the right ear-right hand combination (12-4 per cent. correct compen a 
to 5:2 per cent.). Target words, subjects and relative intensities of the messages W fe 
all different in the two experiments, so we cannot compare absolute values, 
the reversal of dominance needs explaining. One possible explanation we tentatively 
suggest is that the response to be made may influence which hemisphere analyses f 
particular target stimulus. Ifthe left hand is to make the response, this might increas 
the likelihood of the right hemisphere being used to monitor the left ear message 
We know of no experimental evidence so far either supporting or opposing this view, 
but it could make sense of the discrepancy between our two results as follows: in the 


would provide strong competition for the mo r 
the left ear secondary targets would suffer. 
In the earlier experiment, howeve 


r, where the left ear secondary targets could 
monopolize the left hand response sy: 


stems, these left ear targets might have pai 
analysed separately in the right, non-speech hemisphere, and so escaped much of t 


competition from the right ear primary message. This would not apply when eit a 
(a) the primary targets were in the left ear (since these also had to be shadowed and tht 


more complex verbal response would Tequire the speech areas of the left hemisphere)» 
or (b) the secondary targets were in the v 


the s ight ear. In this case, their stronger are 
sentation in the left hemisphere and the fact that the response was made with t 
right hand would encourage analysis by the left hemisphere. Since subjects also ne 
to use this hemisphere for the verbal response of shadowing the primary 
message from the left ear, t m would be greater and the secondary targ® 
would suffer, 

This brings us to the general question of hand dominance and its effect on the 
results. The only measu: 


re in the present experiment on which a difference betwee? 
the hands appears is the degree of i 


complex 
he competitio: 
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it facilitates it slightly: the right hand conditions gave slightly fewer errors on most 
measures. This is more compatible with a functional limit to capacity than with a 
localized anatomical one. 

The absence of correlations within individual subjects between asymmetries of ears 
and of hands suggests that the degree of asymmetry between left and right ear 
representation in contralateral and ipsilateral hemispheres is rather loosely related to 


the degree of right hand dominance. 

_ Finally a few general points may 
Firstly, in our earlier experiment we had found a 
context in the secondary, unattended message. This raised problems for our account 
of attention in terms of a perceptual filter, since subjects should be unable to analyse 


the verbal content of the message they were not shadowing. We argued then that the 
result might be an artefact, and the present experiment supports this conclusion, 
t in the secondary message. 


since it shows no effect at all of verbal contex 

_ Secondly, we did not, in the earlier experiment, analyse the way in which the 
interference caused by tapping was distributed over the words around the target. 
Although Figure 2 reveals no significant left-right asymmetries, it has some more 
general interest, since it shows a clear difference in the distribution as well as the 
extent of the interference for shadowed and for non-shadowed message. One can 
divide the range of words into three sections. Given that subjects lag an average of 
three words behind the stimulus both in shadowing and in tapping, words three to one 
before the target show the interference caused by perception of the target on memory of 
or response to the three words heard previously, before the target occurred. Percep- 
tion of targets in the shadowed message caused no interference at all; subjects 
shadowing was disrupted only after the tapping response Was made and the target 


word itself w. hadowed than the other words when it fitted into the 
as actually ee ge, on the other hand, when the target word is 


context. In the non-shadowed messa l 
heard, the re ET of attention i to the two words which 
occurred just before it, perhaps wiping before pere pan a 
complete. The target word and the tw for Do 5 e 
effects of response competition : tapping t th spea na or 
the non-shadowed ear, these words also show the effect of perceptual competi ion. 
he considerable number of extra errors an sed by iom shado o o 
pared to shadowed targets show the extent to which hearing the target pE s e 
Subject from hearing the competing words in the primary message. Finally the 
Words three to five after the target show, for both ears, how the tapping response 
interferes with the perception and memory of subsequen 
Message, Here the results for the two ears come together, a 3 
a tapping response itself is the same for Le oe a elses 3 
ects mi i ary targets show 
ame Me eerie acre ae ie range of words around the target, as one 
Would expect if these targets were simply not perceived. 
This work was written up whilst the senior author was at Bell Telephone 


ew Jersey. 
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ONE-TRIAL LEARNING WITH CONTROL OF 
ITEM-DIFFICULTY 


BY 


SALVATORE A. PIZZURRO and JOHN VAN LAER 


From P. v 

RADCO, New York, and Hunter College, City University of New York 
ned for each of 2,500 letter-number pai i 

4 pairs. The ratings 
and Hete: ; ms: Homogeneous Easy, Homogene i 
of tated e as: ne s (1957) experiment was conducted thrice, aoe with Bae 
difficulty ae TR j aplica ey =. aslages The manipulation of rated ea 
Ocie c ack on the wi ely discussed problem of item- ion i 

scene n win el Notwithstanding. the control of item-selection, ttie! E of 
aos aha lon e eo condition did not differ significantly from the performance of 
ideda a oe in the ordinary way, with repetition. The geometric distribution pro- 
iien T it to the obtained distributions of waiting times to the first correct response to 
. his finding accords well with an all-or-none view of associative learning. 


wee of difficulty were obtai 
sed to construct three pools of ite 


INTRODUCTION 
Rock’ P n 
ck’s (1957) paper, setting forth an all-or-none view of the formation of associa- 
search in that area. Most 


released a spate of re 
broad categories. There are those (Postman, 


i . 

aa a aroma and Keppel, 1962; Underwood, Rehula, and Keppel, 1962) whose 

condition as been in part motivated by the valid critical objection that the drop-out 

Heimer (DOC) employed by Rock and his co-workers (Rock, 1957; Rock and 

and the 1959; Rock and Steinfeld, 1963) is biased by the elimination of difficult items 

propon substitution of easier items from the replacement pool. On the other hand, 
ents of the all-or-none view ch, 1963; Kintsch and Morris, 


tions i ; 
oo in paired-associate learning, 
quent work fits into one of two 


(Estes, 1960; Kintsch, ; 
ir efforts on detailed 


1965; 

eu ay Restle, and Polson, 19) 

E R of the statistics of learning in 0: 
ntitative predictions made by som! 


rder to demonstrate the goo 
emodel. The several models all view paired- 


asses two or more discrete states that an 


associ : 

et learning as a process that encomp 
y or may not enter on any trial. 

f both approaches. Underwood, Rehula and 

cable efficacy in 


K E study combines elements O 
Predicti (1962) have shown that ratings of eas 
control z subsequent performance in paired- 
Selectio of the difficulty of the material was em 
Posi —_ in the drop-out condition. The mos 
by the viz. that the waiting time to the first correct respons 

Su geometric distribution, is examined. __ i ah 
Sentai a that the initial list pres jects in the drop-out condition (DOC) 
group Le of homogeneous difficulty, and is identical to the list learned by control- 
from whi jects in the ordinary way, W Further, suppose that the pool 

ich substitute items are drawn to replace those missed by subjects 1n DOC 
the subjects in 


is uni 
Got as difficult as the initial list. hese conditions, 
were found to perform as well as the control subjects, such a finding would blunt 


the wi 

ea aia criticism that Rock’s technique js marred by insurmountable methodo- 

questi flaws. That criticism doubtless has some validity, 4 priori. The empirical 
ion, as to whether Rock’s results are merely artefacts of item-selection, remains 


Open. 


e of learning have remarkab: 
associate learning. 


ployed to investiga 
t salient feature of the all-or-none 


eis theoretically governed 
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METHOD 


i irs yielded two 
in rated by six groups of five raters. Each of the 600 twice-rated pairs y; 5. 
E e i two distinct groups of five raters in two different item-context: 


0°83. On the basis of this correlation it was assumed that 


s 
The Easy Homogeneoi 
gs between 1-5 and 2-0; pairs in the Difficu 


1 

gs between 4-0 and 4°5; the E, 

comprised eight pairs that had mean ratings between 1-0 and I'9; seven between z aeei 
2'9; seven between 3-0 and 3-9; and eight between 4-0 and 5'0. All pools were constr 


ri z 4 ither 
pairs in a given pool have an element in common on eit! 
the stimulus- or the response-side. 


The Easy Homogeneous pool contained: 3 
N-4, H-s, P-6, X-7, 0-20, C-15, A-35, B-22, Q-19, D-11, R-23, E-50, Bae 
F-12, S-21, G-25, T-18, U-16, J-30, V-26, K-40, W-33, L-10, Y-42, Z-34, 
FF-2, AA-8, MM-6, ZZ-3. j 
The Heterogeneous pool consisted of the following pairs, listed in the order of increasing 
difficulty ratings: 


A-7, B-3, C-9, D-8, E~4, T-5, XX-1, QQ-2; F- 
Y-21; M-41, N-32, Q-29, V-48, AA-31, BB-4 
LL-24, UU-23, RR-26, MM-28, VV-46. 

The Difficult Homogeneous pool contained: 
AAT, S-14 Z-26, V-48, T-53, ZZ-24, XX-13, RR-18, VV-46, WW-23, EA 
BB-25, CC-39, DD-28, EE-29, HH-34, GG-21, FF-s50, KK-36, LL-32, MM 
NN-42, 00-38, PP-45, JJ-17, YY-12, SS-19, QQ-41, TT-27, UU-37. 


R-18, 
14, G43, H-13, K-12, S-17, Sor 
2, CC-36; EE-47, FF-49, KK-34 


Ninety ex 
students were assigned at rand, 


-tria 
centre of 3 ; Proceeded by the alternate study-and-test-t1) 
method. On test trials, subjects viewed i 
stimulus elements only. jal list 

The criterion was one errorless repetition. Control subjects retained the initial 
throughout training. Experi j 


successive presentations, 2 of 
there was a 3-sec. interval between successive items. The interval between the last item 
a study trial and the first ite 


; ene 
57) in two ways. (a) Both expt’) 
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circumstance that led Reed and Riach (1 
A > th I 960) to argue that Rock’s result may have be 
peculiar to his instructions). (b) During study trials, the subjects were squid to Rien 


the sti i 
e stimuli and responses aloud, and on test trials they spoke the stimuli aloud whether or 


not they could make the correct responses. 
RESULTS 
ay = standard errors of trials to criterion are presented, by subgroups, in 
Ve = Note that means of the control and experimental subgroups whose lists 
en rom a given pool were nearly identical. The only apparent difference was 
etween those subgroups that learned the Easy items. That difference did not 
approach statistical significance: £ = 1-4, 28 d.f., p > 0°20.* 


TABLE I 


MEANS AND STANDARD ERRORS OF TRIALS TO CRITERION 


Experimental Control 
Item pool Mean Sim Mean SEnm 
Easy Homogeneous... m ar «| 0:28 30 0'21 
Heterogeneous Te aia Pm E . 0°42 


Difficult Homogeneous 


_ The validity of the difficulty ratings was examined by correlating the mean ratings 
ane the “selection ratio” (Underwood et al., 1962), i.e. the ratio of the number of 
RE an item appeared in the criterial list of subjects in DOC to the total number of 
a it might have appeared. For items in the Heterogeneous pool, the product- 
a oment correlation between selection ratio and rated difficulty was —o'68, which was 
z po neantly different from zero at the 0-or level. The analogous correlations in the 
ne Homogeneous pools were both exactly zero. Moreover, Table I shows that mean 

ials to criterion for the various subgroups were in the appropriate rank order of rated 


difficulty. Data of both subgroups that shared items at a given level of difficulty 
Were pooled. Comparisons via Tukey’s method showed that the pairwise differences 
Il significant at the o-or level. 


among the pooled mean trials to criterion were a 
_ The distribution of the number of trials preceding the first correct response to a 
8iven item was examined. Provided the subjects are fairly homogeneous 10 learning 
ability, and provided the items are of uniform difficulty, there is some initial proba- 
bility, P, that the subject gives the correct response after a single exposure to the 
item. The all-or-none view asserts that repetition, prior to emission of a correct 
Tesponse, leaves P unchanged. This in turn implies that the distribution of the 
number of trials that precedes the first correct response is the geometric distribution. 
Í the all-or-none view is true, the probability that the first correct response 1S 


Preceded by exactly # misses is Q*P, where Q = (1—P). Ee 
Analysis of the distribution of proportions, in each subgroup, of initial, correct 
of misses yielded six values of P, the 


stimates generated six theoretical 


ae obtained values of U was 88, 
ally significant at the 0-05 level inao 
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TABLE II 


OBSERVED (Obs.) AND THEORETICAL (Theo.) DISTRIBUTIONS OF THE NUMBER OF TRIALS 
PRECEDING THE First CORRECT RESPONSE 
EE 


Homogeneous Easy Heterogeneous Homogeneous Difficult 
Number 
of Experimental Control Experimental Control Experimental Control 
trials i ane 


(R) Obs. | Theo. | Obs. | Theo. | Obs. | Theo.| Obs. Theo. | Obs. | Theo. | Obs. | Theo. 


o 0°467 |0503 | 0-553 | 0-601 | 0-440 0460 | 0-453 | 0-451 | 0-367 0:362 | 0°360 | 0°374 


Pe 0'233 | 0-250 | 0-280 | 0-240 | 0-280 0-248 | 0-233 | 0-248 0:207 |0231 |0-207 |0°234 
©0136 |o-rg0 |0147 | 0-153 |0147 
| ee 
©0075 |0073 | 0-094 |o:107 | 0:092 
na 


2 O'193 |0124 | 0-127 |0096 | 0-113 | 0-134 0-127 


0073 | 0:062 | 0-033 | 0-038 | 0-073 0:072 | 0-080 


0°027 | 0°031 | 0-007 |0025 | 0-060 97039 | 0:073 | o-o4r O*I13 | 0-060 | 0-100 0058 


0°020 |0021 | 0-020 | 0-022 0°053 |0038 | 0:047 0-036 


3 
4 
5 0:007 |0030 | — — 
6 


panman 
-= — — — |0013 |0025 |oor3 0:027 | 0-013 |0024 | 0-003 |0022 
=: 
7 = = 0:027 | 0-016 | o-or0 |o'ot4 
z e 


— — — |œ007 |0027 | 0-013 | 0°024 


Note.—Theoretical values are OB, where P is the leading entry in the Theo. column. 


‘or every subgroup. Table II exhibits the actual data, 

5 ae as the fitted geometric distributions. Inspection of Table II shows that, aS 
olson, Restle and Polson (1965) reported, the geometric distribution fits the data 
tains the results of 


RESPONSE 
S: ubgroup x2 af. p 
Easy Control 5:28 3 >o-10 
Heterogeneous Control 5:24 5 >0'25 
Difficult Control 9°53 7 >o-10 
Easy Experimental 9°49 F =0:05 
Heterogeneous Experimental . 3:69 5 >0:50. 
Difficult Experimental #3 ee 10:24 7 >0'10 
e a a l 
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Compari istributi i 
Pre ari pt Ane ge a of trials to the first correct response, for DOC and 
to ea ge ps , fo ows. For the Easy items, a chi-square test of homogeneity of 
oe i ee, distributions yielded x? = 8-70, 4 d.f., 0°05 <p < 0'IO 
o = ems, x” = 2°02, 54f-, p > 0°50. For Difficult items, x? = 220 
io le es foe sum to yield x* = 12-98, 15 d.f., p > 050- The test statistic 
ner ; ol subgroups that learned Easy items approached significance, but 
s result was combined with the others, the pooled x” for the entire experiment 


es approach statistical significance. 
diene —_ of P that appear in Table II confirm the predictive validity of the 
ratings he ings. _ P is the entry at the top of any column headed “Theo.” If the 
Bone tr ee id, P for Easy items should exceed P for Difficult items. Inspection of 
cet ae ay e that these results were in the expected direction. An appropriate 
EN est for the significance of the differences is not immediately obvious 
er, standard methods (Mood and Graybill, 1963, p- 236) give i 

PQ /N(1—0") 

P, when the maximal observed run of errors preceding a 
ptotically normal” (Mood and 
en two independent values of 


5 m asymptotic variance of 
st success is of length m. Since P is “best asym 


G . 
eoa 1963, P. 174); the ratio of the difference betwe 
he estimated standard error of that difference is a test statistic that has (on the 
on asymptotically. For control sub- 


null hypothesis) the unit normal (Z) distributio 
P for Difficult items yielded Z = 5°85; 


eR the difference between Ê for Easy and 
or experimental subgroups was 3°70. Both comparisons were highly significant. 


D1scussioN 

appea i mine whether Rock’s (1957) result would fail to 

conte a when item-difficulty in the replacement pool was controlled. Experimental 
ol of item-difficulty was achieved by assembling pools of items at different levels 


of 3 
rated difficulty. In the experimental group that learned Heterogeneous items, the 
i d rated difficulty was substantial. In the 


n was Zero, reflecting adequate restriction of the 
‘All other statistical comparisons ools of items 


This experiment attempted to deter 


Ta 1 

TR of item-difficulty. among the p 

Gite in the appropriate direction. It may seem inconsistent that mean trials to 
rion were nearly identical for control and DOC subject 


en 2 = : 
Seneous pool, notwithstanding the prevalence of item 
he attainment of a uniform 


cee this result merely confirms t nment of 
pick, med in the Heterogeneous pool. Uniformity implies that an item randomly 
asi ti from the pool is, on the whole, just as likely to be difficult and dropped in turn 
all is to be easy and retained. A subject in DOC finishes with an easier list, eventu- 
m , after some false moves. Nevertheless, he is on the average no better and no 

se off than a control subject who retains an jnitial randomly selected list throughout 


learning. 
Although item-difficulty was hel i : 
ntrol subjects who learne 
eceding 


ees the performance of subjects i C i 
the Sie materials, in mean trials to c i jn the number of errors pr 
oea correct response to each item. the data to the gross 
the li ural variation between D 

ight of their reliable and approp jate respons 


rati ; 
atings of item-difficulty. The Jatter is, on the face 0 


Vari: 
able compared to the occurrence Or nonoccurren 


d constant, there were no significant discrepancies 
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i j i bjects 
is hi i that the failure of control subjects to outstrip DOC su 

in aaen era attributable to progressive selection A areae 
DOC subjects. In addition, intralist similarity was minimized i et ate 
i t that performance in DOC was al 
tee = eda off a that contcibrted excessive intralist meee 
Site Arh The remaining viable inference is that the subjects in D 

i the absence of repetition of unlearned items. ye 
Es aaa i between the Scent distributions of waiting times one 
the geometric distribution. The fit of the geometric distribution to the weep > 
data signifies that the proportion, Q, of unlearned items that are again ocr a To 
additional repetition remains fixed, even after several unsuccessful rae ne 
comes as no surprise in DOC, where unlearned items are not repeated. In i femal 
fit of the geometric distribution merely confirms that the statistical process o te ail 
is appropriately stationary. In the control condition, however, this ae a Pa 
counter to intuition and argues strongly in favour of the all-or-none point o 


of 
This research was supported in part by contract Nonr 477 (34) between the Office 
Naval Research and the University of Washington. 


Reproduction in whole or in part for 
any purpose of the United States Government is permitted. 
The writer’s debt to E. H. Gal 


s i 1 
lanter for valuable editorial suggestions and material help 
in preparing this paper for publication is here acknowledged. 


REFERENCES 
Estes, W. K. (1960). Learning theory and the new “mental chemistry.” Psychol. Rev. 
67, 207-23. , i 
KINTSCH, W. (oo All-or-none learning and the role of repetition in paired-associate 
learning. Science, 140, 310-2. and 
Kintscu, W., and Morris, C. J. (1965). Application of a Markov model to free reca 
recognition. J. exp. Psychol., 69, 200-6. d Ed. 
Moop, A. M., and GRAYBILL, F, (1963). Introduction to the Theory of Statistics. 20! 
New York: McGraw-Hill. 
Porson, M. C., RESTLE, F., and Porson, P. G. 
paired-associates learning. J. exp. 
POSTMAN, L. (1962). Repetition and pai 
372-89. ; ciate 
REED, J. C., and Rracu, W. D. (1960). The role of repetition and set in paired-asso 
learning. Amer. J. Psychol., 73, 608-11. l., 70, 
Boge (1957). The role of repetition in associative learning. Amer. J. Psychol., 
I $ 5 
Rock, I., and HEMER, W, (1959). Further evidence of one-trial associative learning 
mer. J. Psychol., 72, 1-16. trial 
Rock, I., and STEINFELD, G, (1963). Methodological questions in the study of one- 
learning. Science, 140, 822-4. ime verb. 
UNDERWoop, B., J., and Kepper, G. (1962). One-trial learning? J. verb. Learning Y 
Behav., 1, I-13. 
UNDERWoop, B, J, Renura 


1 , R., and KEPPEL, G. 
associate lear: 


; ired- 
(1962). Item-selection in paire 
ning. Amer. J. Psychol., 75, 353 


-71. e7: 
Manuscript received 17th November, 19 


PERIODICITY WITHIN RTS AND EMGS 157 


PERIODICITY WITHIN REACTION TIME DISTRIBUTIONS 
AND ELECTROMYOGRAMS 
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Miami, Coral Gables, Florida and Naval Electronics Laboratory 


From the University of 
Center, San Diego, California 
action time frequency distributions, 


This study investigates a periodic component in re 
crete intervals of time after stimulus 


that is, a tendency for responses to occur at regular, dis 
Presentation, Reaction time frequency distributions were plotted by a Computer of 


Average Transients and were obtained under stimulus conditions varying in sense modality 
colour, and duration of stimulation. 


ieee (auditory and visual), and the intensity, 
he results indicated that there was periodicity in reaction time frequency distributions 
with a modal period of approximately 25 msec. It was found that the periodicty (a) was 
most evident when there was considerable Variability in reaction time, and (b) tended to 
attenuate when a large number of reaction times were grouped. Other stimulus conditions 
appeared to have little effect on the periodicity. A significant correlation was found 
etween the frequency of periodicity jn the reaction time distributions and the electromyo- 
grams, both having a modal period of 25 msec. Tt was concluded that the periodicity in 


T i ; 
eaction time was the result of motor processes. 


INTRODUCTION f 
6x) noted that visual pursuit 


Latour (1961, 1967) and Latour and Bouman (19 risus 
Movement reaction times were not norma ibuted but had a periodic nature. 
i hat is, movement tended to occur at discrete, periodic points in time after the stimu- 
us was presented. Of particular interes th frequencies of 


z O cps., much faster than the 10 to 20 © oe 
ason, Oden, and White, 1967; Harter, 1967; Venables, 1960)- The purposes 0 the 
Present study are (a) to demonstrate that manual reaction times to both auditory and 
visual stimuli have a similar periodic nature; and (b) to relate this periodicity to 


Periodicity within electromyograms- 

3 cea bject: pond to 10 microsec light 
eaction ti RTs) were obtained by having subjects respo - : 
Hashes or e E (generated by a Grass PS-2 Photo-stimulator) PY, peek i 

icroswitch key with their right index finger. All subjects were experi 
ask. | The ti a stimulus resentation and the subject’s response was measured 
by a Hewlett, rd ogi Electronic Counter and recorded by @ Hewlett Packard 
obtain an on-line measure of the 
the CAT sweep and the 


Tenge N $ $ 
€action time distributions. The stimulus light flash triggered e OCAT memory bins 
Each time-bin 


Subject’s r 

esponse caused a 10 MSec, 3 

e bins e ea wath the point i i the subject responded). 1 eae ie 

eee energy over a 5 msec. interval. 

mse, was distri nly in tv 
cay eins giving fosnton 812, ge eve response oopan cote the 
mper ofr 1 were summed, the vo age lev 1 = c 

number of a E at any given point of time after stimulus Nancie $ > 

èy 135C Autograph (X-¥ plotter) was then used to record the distributio: grap! 
aper, 

It should be noted that the 10 msec. pulse was selected Dr 2 

Bave the optimal pin-width to pulse-duration ratio; (b) ae ais 

istributions attenuating the activity with a period of less than I 


rolina at Greensboro, Greensboro, North Carolina, 27412. 


number of reasons: (a) it 
a rounding effect on the 
ec, but having little 


* 
Now at University of North Ca 
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effect on other activity; and (c) it enabled a perceptually; meaningful frequency distribution 
7 relatively few RTs were combined. aP 

e ele poeta ie plotting frequency distributions created the optimum geo 
observing the periodicity under investigation in the present study. With the nna S 
for plotting RT data, data are placed into intervals and are assumed to be normally ¢ Lean 
buted about the mid-points of the intervals. This assumption could not be met E 
present study. Furthermore, if the interval had been too large or too much data har he 
combined, the phenomenon under investigation would have been masked. W ith aa 
computer technique, there was functionally no interval in the frequency distributions a x 
to the bin-width and RT pulse used as described above and distributions could be POET z 
after relatively few RTs were combined. Furthermore, the results could be seen on 


oscilloscope at all times during data accumulation which enabled the experimenters to 
observe the development and nature of the RT distributions. 


RESULTS 

We examined more than 300 RT frequency distributions, containing 25-200 RTs 
each, which were obtained under stimulus conditions varying in stimulus modality, 
colour, intensity, and duration. Visual inspection of these distributions revealed that 
they had a definite periodic component and that stimulus conditions per se had little 
effect on the periodicity, except in relationship to how they influenced RT variability 
as considered below. Therefore, the various stimulus conditions utilized will not be 
reviewed in detail here, but will be mentioned briefly below in regard to specific data 
and problems. 


Nature of periodicity 


An illustration of the periodicit 
These distributions were selected fr 
respond to the offset of flash-train 


y manifest in the distributions is seen in Figure T. 
om 36 RT distributions obtained by having subjects 
s which contained from 3 to 12 flashes presented i 
y fixated a point 2° above the flash source, which 
min. The flashes (10 microsec. in duration) had & 

2-5 log units above relative threshold, and were 
hite field of 18 ft.-L. The flash-trains were presente 
a “ready” key with his left index finger. 


of this activity, frequency 
«oe, ween-peak intervals in the original 36 RT distributions We" 
made for each subject. The frequency of occurrence of each interval was then 
weighted by the duration (This measure was selected so that the 


. Ce 
y peak intervals but only two 50 ms® 

between-peak intervals although both intervals Were evident 100 AR cent. of the 
time.) The resulting distributions (see Fig. 2) indicate the total time occupied y 


modal between-peak interval for both subjects i7 
the RT data was 25 msec. (40 cps.) with a suggestion of a second modal interval ° 
65 msec. These values are consistent with those reported by Latour (1961, 1967) for 
visual pursuit movement, 


| 
| 
é 
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FIGURE 1 


Relative frequency 


100 200 
Reaction time (msec.) 


Exa : 
mples of periodicity in RT frequency distributions. 
flashes presented at 33 CP 


respond 
replicates a the offset of flash-trains of 3-12 
flection i istributions for each subject are each based on an N of 50. 
indicates increased frequency. 
FIGURE 2 


Subjects CW and RH 
s. The five 
An upward 


Summed EMG 


Reaction time 


cw 
1500) 1500 
tooo 1000 
T < 
g 500 g o 
2 a 
È E 
2 v 
E 
S RH £ 
5 1500 3 
© 8 1500 
z (a 
1000 1000| 
500} 500] 
Tase a 4 Shas 9 
Between peak interval (msec. x 10) Between peak interval (msec. x 10) 
times between-peak 


terval (frequency 
tions (left figure) and summed EMG 


ach between-peak in 
points of successive 10 msec. intervals 


d RH’s RT distribu 
mid- 


T z 
tn time occupied by € 
records { in subjects CW’s an 
See tet figure). The plotted points are 
or further explanation). 


in 
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RT variability and periodicity. It may be noted in Figure 2 that there was a 
greater incidence of periodicity in subject CW’s RT distributions than in subjec 
RH’s RT distributions. For example, there was 1,900 msec. of the modal interval 
in subject CW’s records as compared to 1,250 msec. of the modal interval in subject 
RH’s records. This may have been due to the greater variability of subject CW's 
RTs, which resulted in a larger sample of time, as delineated by the range of each RT 
frequency distribution, from which to measure periodicity. 

The relationship between RT variability and the incidence of periodicity therefore 
was investigated by manipulating variables known to influence RT variability 
(stimulus intensity, background intensity, and point of retinal stimulation). The four 
distributions presented in Figure 3, which were obtained by having subjects respond to 
single light flashes presented to the temporal and foveal retina, illustrate the relation- 
ship found between RT variability and the periodicity. The data from both subjects 
indicate that the periodicity was more evident in the distributions with greater 
variability (distributions A) than in those with lesser variability (distributions B). It 


may be noted that this relationship held regardless of the variables used to manipulate 
RT variability. 
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eee aa pass filters were used to attenuate activity above 22 cps. and below 
H p z s gee be noted that the use of the CAT in this system enabled muscular 
ie z ime-] ocked with the onset of the stimulus to be summed and thus be differen- 
ee om the ongoing intrinsic muscular activity. The technique is the same as that 
to sum evoked cortical potentials. 

ein EMG records and RT frequency distributions obtained by having 
oie: s respond to roo successive light flashes are given in Figure 6. In these and 
epee the summed EMG records had a periodic nature very similar to that 
So the RT distributions. In these data, the average period of the summed EMG 
so y was 20 msec. (50 cps.) and the RT frequency distributions was 23 msec. 
= It may also be noted that (a) the onset of the periodicity in the summed 
ine record preceded the occurrence of the earliest reactions, and (b) there was no 
ar one-to-one correspondence between the peaks and troughs of the two sets of 


data. 
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Therefore, muscular activity was summed from subjects who were inducing a low 
level of muscular tension in their right forearm while fixating a bright flashing light 
but not reacting to it. Records resulting from single summations (N = 1) and 5° 
summations (N = 50) under these conditions are given in Figure 7. The single 
summations had a periodicity of 25-50 cps. which is consistent with the data reported 
by Hayes (1960) and Nightingale (1957). A periodicity of approximately the same 
frequency is evident in the summed EMG records. This indicates that some periodic 
muscular activity was synchronous with the presentation of the stimulus even when 
the subjects were not responding to the stimulus. 


FIGURE 7 


nmin 
wae 


EMG amplitude 


ML 


RH 


1 an 30°. 0 T00 200 300 
(msec.) 


Single (N = 1) and summed N= j i ere 
’ = 50) EMG records obtai bjects main 
a constant level of induced muscular tension. Subjects ears ie ht flashes presented 
once per second but did not respond to them (see text) i 


In order to assess the modal period of the activity į EMG records 
presented in Figure 7, the Ee peal. enl vt Te sage records 
was measured for subjects CW and RH (3,000 msec. of activit AA 300 summations 
for each subject). These measurements were made in the ce manner aS that a - 
to Atie modal period of the RT frequency distributions. The resulting distri 
tions of the total time occupied by each between-peak interval in the summed EM a 
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butions. The rank-order correlation between the periodicity in the RT distribute’. 
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the summed EMG records obtained when the 


S i : 
ubjects were not responding was not the result of the light flash fer se. This con- 
First, in control conditions where the light 


ce is based on two observations. 
sh was withheld but the CAT was triggered in the regular manner, muscular activity 
h was presented. And second, the 


summed in the same manner as when the light flas! 

oe in the summed activity was evident immediately after the stimulus was 

hits e i the expected latency between stimulus and response was absent. In light 

RST observations and the fact that the summed EMG activity had the same modal 

r icity as raw EMG data, the summed EMG data appears to reflect the periodicity 
ent in the intrinsic activity of the muscle. 


Discussion 
udy indicate that the 


It may be noted that the activity in 


eee results of the present st process or processes which 
erlay the periodicity in RT had the following characteristics: 
(a) The process had a modal frequency of approximately 40 cps. Or a period of 


25 msec. as suggested by the data given in Figure 2. 

(6) The process was, somehow, synchronous or time-locked with an external event 

(the stimulus or response) in order for its effects to be evident in the RT data. 
This may have come about in two ways. If the process was sufficiently stable, 
the rhythmically occurring stimulus may have occurred at a frequency which 
was a multiple of the periodicity of the process (the stimulus was time- 
locked to the process). Or, the process may have been “reset” or “triggered” 
by the onset of the stimulus or response (the process was time-locked to the 
event). 

(c) Monah the process was synchronous with stimulus onset, the latency 
between the onset of the stimulus and any given phase of the process varied 
over time. This may be noted in the distributions given in Figures 1 and 5, 
some of which were obtained under identical conditions. Latour (z961) 
similarly found that he had to compromise between the amount of information 
obtained, that is the number of RTs obtained in a given trial, and the stability 


of the subj 
1 the process Wa involv RTs since the periodicity 
was evident in RT distributions obtained to visual (Figs. 1 3» 5 and 6) and 
auditory (Fig. 4) stimuli. 
Bn ae eto a as to whether the periodicity in RT was the ae z E 
abo Or, or central processes. The relationship between the RT and EM i eee 
whic suggests that the periodicity was the result of motor activity. Pas s n 
Tel; ich have investigated a periodic component (20-50 msec.) in tremor and 1s 
tionship to movement lend further support to this suggestion (Fossler, 1931; 
oe Sing, 1957; Tiffin and Westhafer, 1940; 3, 192 Travis and Hee oe i 
actin € evidence also may be offered that the periodicity was the result 0: aad | 
fon on” at least for the visual RT data. Latour (1967) observed an oe a 
Betuations po e a H i ae logical nystagmu 
lations possibly resulted from hysiologica r e 
ge Tanging oct 15-30 ree, (Latour, 1967; Ratliff and Riggs, 
€ been the result of motor activity. Therefore, the present authors sn 
© Suggestion that the periodicity was the result of motor activity although the data 


a 
nm <a conclusive in this respect. 
Tegan ae plausible that central 
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otor processes. 
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trally contro 


166 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


in the nuclei of the oculomotor, trochlear, and abducen cranial nerves ag 
1960), and muscle tremor by activity in the anterior horn cells of the aaa 
(Jung and Hassler, 1960). The fact that there isa periodic component in the os ch 
activity of the central nervous system with a period of 25-30 msec. (beia are 
activity) (Latour, 1967; Gaarder and Speck, 1967), and that the periodicity 1 ia 
common to at least two sensory modalities (visual and auditory) lends tang Rr 
support to this conclusion. Further investigation of the relationship between r 
EMG, muscle tremor, EEG, and sensory threshold is necessary before a more comp. 


5 A al 
attempt is made to assess the respective contributions of sensory, motor, and centr 
processes to the periodicity in RT. 
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EFFECTS OF NUMBER OF ALTERNATIVES ON THE 
PSYCHOLOGICAL REFRACTORY PERIOD 
BY 
LAWRENCE KARLIN and RICHARD KESTENBAUM 
From Department of Psychology, New York University 


of choices in the first response on “psychological 
ally consistent with intermittency theory but 
the number of choices in the 


rok The effects of changing the number 

ae qentotiness”” were found to be parti 

ae ifications may be needed to explain the results when 
cond response is increased. 


INTRODUCTION 

Current concepts of central intermittency in serial reaction time tasks derive from 
the Work of Craik, Hick, Welford, Vince and Davis (see Bertelson, 1966 for an excellent 
review and analysis). Quantitative formulation was given by Welford (1952) who 
hypothesized that the central processes resulting from two separate successive 
stimuli could not overlap so that if the second stimulus arrived during the processing 
Of the first it would be held in temporary storage until such processing was completed. 
n this way the theory purported to explain why, for short interstimulus intervals (I), 
ae second response latency (RT) was increased above its “normal” value (RTn). 
ore specifically, RT, was predicted by Welford to vary according to the following 
(1) 


equation: 
This e i T, = RTn when I >RT, but at these values of I 
quation suggests that RT, n ZA Sp dice (ease) at 


there may still be a delay (Welford, 1959; Davis, 
d that when Są occu 


its beginning and end may “cap 


further delay before Są could be process 
1] as other deviations from equ: 


ceeds RT}. Fortunately, the major 
€ present experiment can be met by studying RT, = £(I) where 

y an RT,. E this region, the predictions of intermittency theory that RT, = f(1) 
4 th unit negative slope should be minimally compli 
nd other factors such as variability in RT, as recent! 


and Welford (1967). 
ae present experiment aims to test s 

ifferen theory as well as we 
Choices was arenes at ‘a for’ R: while for each of three conditions the numbe 
Choices for R, was I, 2, and 5, respec quation (1) e he 
Modification of it such as described Ile] curves should be 
8enerated with differences in the correspon tes of the three curves Saha 
Mating the differences in RT}. Each curve should break at the APPORTA S ait ‘th 

= RT, to asymptote at RT, = Rip. his break point may be modi e a e 
Proprioceptive feedback and o tioned above are operative. In any 


ther factors men! Pets 
case, the first prediction should be verified at least for those I short enoug ; r pal 
€ delay factor hypothesized in equation (1) from whatever complicating factors seem 
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to be introduced when I approaches RT,. The longer delay periods provided by the 
five- and two-choice conditions should be helpful in this regard. 

Expectancy theory provides an alternative explanation of the so-called pects | 
phenomenon. This theory attributes the increase in RT, with short I toa ee: ; 
expectancy due to the lower probability of a second stimulus occurring just cis e 
first because of the rectangular distribution of I. Since the same rectangular distri Be 
tion of intervals is used in each condition, expectancy theory alone would not predic 
any differences in the ordinates of the three functions. The “strong” (see sone 
1966) version of this theory ascribed all of the increase in RT, to temporal uncertain y 
when there is no event uncertainty. If the effects of temporal and event uncertainty 
are not equal or independent, the slopes of the three functions may change syaiema 
cally. For example, the importance of event, relative to temporal uncertainty 1 
producing delays may increase with the number of choices. F 

The predictions will also differ for Broadbent’s perceptual sampling theory 
(Broadbent, 1958; Borger, 1963). This theory hypothesizes a temporal quantizing 
of the sensory input into successive samples of fixed duration. Perceptual processing 
of the input is thus not continuous but operates on these succes 
bent asserts that increase in RT, is a function of when, duri 
occurs. He makes the additional assumption that R, 
the new one. This theory, 
tions with different RT}. 

A second part of the present study 
of alternatives in R, while holding th 
any change in RT, produced b 
RT, for all values of I. 


sive chunks. Broad- 
ng such a sample, Re 
1 closes the first sample and starts 
in its simplest form, would predict no change in the func- 


will determine the effect of changing the numb 
ose in R, constant. According to Equation E a 
y this manipulation should yield an equal change 


es 
When played back through a read-out device these pri 
triggered various relays at preprogrammed time intervals which then presented the stim 


o 
z the 
displayed by the Nixie corresponded to responses DY int 


19% 
on stimuli measured between stimulus onsets were 99 


Procedure. All subjects were run O; 


N —I 
n five conditions, 5-2, 2-2, 1-2, 2-1, and FA 
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three eliminated. In any one session 


often throughout the series with runs of more than 
ble orders were used. After the 60th 


two different series of 60 trials each paired in all possil 


trial there was a 2-min. rest during which subjects removed the headphones and relaxed 


their hands. 

Subjects were told what to expect and to respond as quickly as possible. They were 
not informed of errors or premature responses. 

Practice. Prior to the present experiments subjects had been run for a total of 50 to 60 
sessions in pilot experiments similar to the present one but with different visual stimuli, as 
well as in other refractory period experiments involving no choice in first and second 


reactions. An effort was made at the outset to counterbalance some of the conditions 
The order of conditions for three 


but this was not carried out because of subject attrition. 

Subjects was: 5-2, 2-2, I-2, 2-1, I-I. Subjects attended seven or eight sessions for 
conditions 5-2 and 2-2 and 1-2, three to seven sessions for conditions 2-1 and two to four 
Sessions on conditions I-I. 

Subjects. Six college students, paid one dollar per session, were selected from 10 on the 
basis of willingness to participate over a period of time and ability to pay attention during a 
Session. Two subjects were dropped later, one because of frequent absences and the other 
because of excessively long and irregular RTs. 


RESULTS AND DISCUSSION 
sed in part on plots of RT, averaged over the four 
h case will give individual data as well. Careful 
wed that in most instances overall means fairly 
ll be made to individual subjects as needed. 
f the last three sessions of conditions 
sults in which either RT was less 
. For subject JB 


Analysis of the results will be ba 
Subjects, although the tables in eac 
inspection of the individual results sho 
Tepresented each subject. Reference wi 
The data for each subject are based on the mean 0: 
5-2, 2-2, and 1-2. Trials were eliminated from the re 
than 100 or more than 100 msec. longer than the next longest RT. u 
trials eliminated for these reasons averaged less than about 6 per cent. while for the 
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other subjects it was less than 3 per cent. There was no discernible trend for the 
number of omitted trials to change with I. 


Figure I compares RT, functions for the five-, two- and one-choice conditions 
(5-2, 2-2, 1-2) and is based on the results summarized in Table I. The figure shows 


TABLE I 


MEAN RT 1N MSEC. For BOTH RESPONSES (R, AND R,) as A Function oF INTERSTIMULUS 
INTERVAL BY SUBJECT AND CONDITION 


ee UTN SA 


RT, 
Interval (msec.) 

Condition Subject 9o. | +99 | 290 | 390 | 490 | 590 | 690 | 790 | Spo | 990 | z,050 | 7,250: | RT 
65 

5-2 ss 434 | 458 | 448 | soo | 462 | 470 448 | 458 | 488 | 476 | 472 | 47x | 4 
GR diz | 428 | 1458 | 484°) 450 | 467 | 467 | 450 | 404 | dec | fee | don 43 
JB 594 | 584 | 602 | s98 | 538 | 592 | 588 | doo 592 | 545 | 578 | 57x | 352 

MS Sax | 507 | 499 | 532 | S43 | 530 | S29 | 533 531 | 53x | 535 | 520 | 5 
Obs. mean | 499 | 506 | sor | s24 | sor 515 | 508 | srg | 519 | 503 | sr2 | 508 | 509 
2-2 Ss 318 | 325 | 332 357 | 330 | 312 | 336 359 | 326 | 345 325 329 333 
GR 376 | 378 | 402 | 413 | 390 | 394 | 33, | 35 6 | 398 | 382 | 403 | 39% 

JB 473 | 375 | 383 | 308 | 413 | 409 oer | 32 a 


412 | 414 | 412 | 422 | 399 | 425 1% 
MS 386 | 388 | 400 | 312 | 429 | $17 | $89 405 | 403 | 423 | 405 | 420 | 4 
Obs. mean | 373 | 366 | 379 | 395 39 | 383 | 378 | 394 | 379 | 397 | 378 | 394 | 384 
1-2 SS 214 | 233 | 221 | 216 | 228 229 | 221 | 221 | 221 | arg | 221 231 ara 
GR 203 | 212 | 212 | 209 | arr | arr | ara 218 | 215 | 217 | 208 | 215 a8 
JB 257 | 250 | 242 | 259 | 258 | 24r 250 | 247 | 244 | 238 | 247 | 246 84 
MS 264 | 2B6 | 292 | 291 | 278 282 | 290 | 295 | 297 296 | 261 271 | 3 


244 |_244 | 24t | 243 | 245 | 244 | 242 234 | 247 | 24? 
RT, 


Interval (msec.) LADA 
ef na eE 


Condition Subject 90 190 | 290 | 390 490 590 | 690 


| 
| 


5-2 ss 573 | 512 | 433 | 378 ree 6 263 
311 25 | 28 286 60 267 

5B S09 | 526 | 425 | 368 | 318 | 353 276 279 | 270 a 273 | 268 au 

B ésy | S22 | 544 | 467 | 350 | 365 | sar 339 | 338 | 314 | 330 | 300 | 363 
37 | 53t | 440 | 422 | 354 | 323 | S35 287 | 280 | 266 | 258 | 276 


Obs. mean | 630 545 


461 | 409 6 278 
mean 688] 505 | 490 | a25 2 a Bes | 228: | 285 A are 


Ss 48x | 404 | 347 299 | 2 265 

2 73 | 263 | 282 | 2 1 | 266 | 269 | 261 
2-2 GR s 455 | 406 | 328 | 303 | 277 289 BH EA A 38s 292 at 
B Sey | 452 | 443 | 37x | 339 |315 | 527 298 | 296 | 290 | 284 | 302 | 296 

7 | 399 | 345 | 328 | 293 | 278 | 357 | 208 290 | 292 | 272 | 265 
Obs. mean I 2 8 ef 
eor mean | 363 | $56 | 305 | 385 | ggz | 292 | ass | 288 | aor | ass | 277 | 280 | z 
i SS 352 | 307 | 267 | 26. 8 | 25% 
4 | 252 | 252 | 246 | 2 260 | 252 | 244 | 25 6 
B Jalla mgla] | as | a |a | |z| 2 


269 | 272 | 287 | 285 | 297 | 297 
Obs. mean 
Theor. mean a 33% | 296 | 287 273 | 269 | 266 


that increase in RT, resulting from increasing the number of choices had the effect oi 
markedly increasing the delay in RT, 


The implications of Figure 1 for B 
would predict no change in RT, as a function of change i oadben 
A ; gein RT}. Perhaps Br 
did not intend to apply the theory so broadly, but until the relationship between t 5 
effects of amount of information being processed and sampling interval are know? © 
hypothesized, the theory is not readily testable ( 


Broadbent does not predict what will happen if t 


x 
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is longer > $ . 

PA a soa pe oping interval. Possibly predictions from Broadbent’s theo 
Pioeessing fime i pores in which the sampling interval is greater than the pa 
e Seam - S further interest and hinted at by Broadbent is to determine what 
eae EE ce n size of the sensory sampling interval. Evidence against Broad- 
tani, ng theory as described in the present study is also provided by the 
Sias aoe shown in Table II particularly in conditions 5-2 and2-2. It 
4s rgued, however, that at the shortest intervals some amount of correlation 

a result of the subject’s state not having time to change. 


TABLE II 


Prop 
UCT E 

MOMENT CORRELATIONS BETWEEN RT, AND RT, BY ĪNTERVAL, CONDITION AND 
SUBJECT 


‘oi oS Oa 


Interval (msec.) 


590 | 690 | 790 | 890 | 990 zose 


Gad 
ondition | Subject go | zgo | 290 | 390 | 490 


5-2 ss 
93| 93] 57| 7% 54 |-21 | 27 | 31 16) 53 |= 
GR 51 | 76] 72] 3? @ eas 04s | MOTs SOF Cs, —12 35 
83 | 60 |—03 | 7° 08 


JB 2| 8r| 95| 83 
MS gt} 96 | 93 83] 70) 45 z6: 06| -13| 03:1) 33))) 91 
2 
A SS 85| 68| 77| 9| 3% 29.| 23| 03 |—93 |-97 | 13 —17 
GR 78 | 45 | 20-23} 2° 21 | 22| 13 |-32| 15 |—94 06 
JB o2 | 68| 66| 57 83 | 644] 7 TOs | 22 16 | 08 
MS 84 | 82| 733| 36| 55 os | 26| 15| 22] 20 |—32 —19 
I=: 
é SS 05 | 76| Sz zo ese 45 | 02 |—25 | 35 —o6 | 15 |—or 
GR 44 |—09 | 22| 42 |24 oz |02| x9 |=06)] 15] EnS 
JB 7o| 53) 33 75 sa a| 24| 14] 44] 37] 39 
MS 55| 51| 64| 39 28 | 24] 03| 16) 17 18 |—30 | 03 


explain the results of 
Temporal uncertainty 
inty could not explain 
In any case Adams’s 


), cannot readily 


Expectancy theory, too (Bertelson, 1966 
h case. 


Fi ; 
ae. s since the distribution of I is the same in eac! 
Cu uence RT, within each con 
query nsistent changes in ordinate values am i 
ee nether a necessary central delay time exists for i 
ar inty (1962, p. 286) is answered affirmatively by the present data. Of interest, 
ever, is the small but persistent tendency for mean RT, in conditions * 2 gaiak 


7 si 
ar the corresponding values in the other two conditions between 490 and 890 msec. 
aps this result reflects the relat e of tendencies described by 


ow ively greater rol 
Tath rer (1940) and Karlin (1959, 1966) to respond with shortest RT to the average 
a er than shortest or longest I. Davis (1956) discusses @ similar tendency although 
eap dence for it is not clear in our condition 1-1 (see Fig. 3 below) which is more 
E was to Davis’s conditions. 
n general the three curves of Figure I are approximately parallel for the three 


sho 3 
t intervals as predicted by intermittency theory- 
lffer from the other two curves in having a somewhat shallower slo; 


ene comparison may be somewhat vitiated because i 

that th. © great at condition 1-2 to determine its slope with t 

I e other conditions afford. : 3 et 
R ntermittency theory would also predict that for a given I, increases in RT, an 

enough so that S, does not occur when R, is 

intervals by 


should b Neier 
bein e equal providing I is short 
ing made. Table III makes this comparison for the 9 ] c 

s a percentage of the increase 1n RT, for the 


“owing the i 
e increase in RT, expressed a 


mong conditions. 
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TABLE III 
MEAN PERCENTAGE INCREASE IN RT, RELATIVE TO INCREASE IN RT, FOR ALL PAIRS OF 


CONDITIONS BY SUBJECT AND INTERSTIMULUS INTERVAL 


ee 


Interval (msec.) 


go 190 
Conditions compared Conditions compared 
5-2 5-2 2-2 5-2 5-2 2-2 
Subject 2-2 I-2 I-2 2-2 I-2 I-2 
ss 79 100 12 89 QI 105 
GR 124 81 63 2 65 6I 
JB 73 92 113 73 80 92 
MS III 93 74 KTI 95 75 
Mean 97 gr 94 86 83 83 
FIGURE 2a 
640 640 
580 520 GR 
20 20 
460 460} 
400) 400) 
340 340) 
3 280) 2601 
E 
£ 90 290 490 690 890 T 90 290 490 690 890 1090 
re ee ee a N 
| 400 200 0 200 400 400 20 0 200 400 
v Sen + pua + 
E 
T 820 
2 
S 760 
2 
me 700| MS 
ijj 640) 
520 Ete 
520 En 
üi 460 
a 400) 
za 349 
ae 280} aN 


90 290 490 690 890 1090 


— sts 
400 200 0 200 400 


30 29% 490 69% 890 1090 


400 200 0 200 400 


interstimulus interval (msec.) 
W=!—RT, (msec.) 
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three possible pairs of conditions. It is clear that at both intervals the increase in 
RT, had a sizeable effect on RT,. At the 90 msec. interval the means are fairly close 
to prediction from the kind of intermittency described by Welford and Davis. Partial 
confirmation of this theory is also suggested by the comparison at 190 msec. but the 
mean percentage changes in RT, while substantial, are appreciably lower. 

None of the curves reaches asymptote (RTn) at the predicted value of I shown for 
each case by the vertical bars in Figure I although condition 5-2 shows a definite 


change in slope near I = RT. The persistent delays may be due to feedback from the 


beginning of the response, averaging of subjects with different mean RT, or the effects 


of RT, variability (Bertelson, 1967; Welford, 1967). 
To minimize these factors, Figure 2 shows the fit o 


f equation (x) (broken line),to 
the individual curves in conditions 5-2 (Fig. 2A) and 7 


2-2 (Fig. 2B) where RT," 


FIGURE 28 


ss 


Reaction time — RT2 (msec.) 


Interstimulus interval (msec.) 
wel-RTr (msec.) 


id line) RT: 
Theoretical (broken line) and mea” observed (solid ne on 5-23 
mulus interval and w = I— RT: (dotted line). 


asa function of inter- 


p—condition 2-2. 
Sti 
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plotted both as a function of I (solid line) and the quantity, w = I — RT, (dotted 
"bean RT, = f(1) in condition 5-2 first, we note that the slope of the obser 
function is fitted rather well by theory for the first three pa eva A ne K a 
within the range is consistently overestimated. This discrepancy might be me 
using the entire RT, instead of subtracting out appropriate peripheral nae EE 
action times. On the other hand the discrepancy becomes positive and the slope e: E 
to become shallower as I approaches and exceeds RT,. The plots of condition fo 
shown in Figure 2B may be described in much the same way although the slopes S: a 
a slight but consistent tendency to be a little less negative than those of condition 5 

fe 
Be ie (1967) and Welford (1967) have argued that plotting RT, = f (J) mee 
not provide a valid test of intermittency theory when I is close to RT, berate a 
variability will cause RT, to decrease more gradually, reaching RT, only when ble 
appreciably greater than RT,. Bertelson suggests measuring the independent varia : 
to obtain an estimate of the actual overlap time between first and second see 
such as is provided by the quantity, w = I — RT,. Condition 5-2, however, does n 
reveal much change in the slope of the function when w is used rather than I ates 
condition 2-2 does show a small but consistent tendency for RT, to be reducee. 
Nevertheless, for all subjects RT, > RTy for the first one or two values of w a Mh 
therefore, in these conditions at least part and possibly all of the additional de a 
found when I is close to RT, cannot be ascribed to variability in RT,. The possibili 7 
remains that this delay could be attributed to the effects of proprioceptive feedbac 
described by Welford but the data are not conclusive. 


Finally, the small but persistent differences found be 
three conditions which cannot be due to initial 
could also be due to proprioceptive feedback a: 
different points in time for three conditions, 
study with more precise measurement of when 


tween 590 and 890 msec. in 
refractoriness or variability in x 
rising from the end of the response er 
These interpretations require furt ie 
the beginning and end of the respo™ 


d for other reasons (see Introduction), two haa 
I and 2-1, in which there was only one choice 1n hip 
of choices in the second response on the relations ns 
in Figure 3. The results of the two new cone at 
(1-1 and 2-1) are summarized in Table IV. They support intermittency theory 12 5 ces 

T is about equal to the corresponding diten 
c. interval. However, when the number of cho ce 
ant and that in the second is varied, the rei 
ess than would be predicted by simple intermittenti 
t example, Figure 3 shows that in conditions ae nce 
er by about 84 msec, Theoretically, this differe 


a But at 90 msec. the difference is only 27 msec- 
comparing conditions 1-2 and I-I a sim 


difference of 89 msec. being found along w: 
interval. If we correct the differences at t 


s : irtua 
ory would require, it leaves va eat 
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EnaA TABLE IV 
T For Bot Responses (R, AND R4) BY INTERSTIMULUS INTERVAL FOR CONDITION 
2-I AND I-I 


Be â .. lm eee 


Interval (msec.) 
790 | 890 | 990 | 1,050 | 1,150 | RT: 


Conditi " 
‘ondition Subject 90 190 | 290 | 390 | 499 | 59° 690 
2-1 
ss 22 | 318 | 313 | 340 | 333 | 322 | 322 | 320 310 | 317 | 305 | 319 | 319 
368 | 383 | 380 | 395 | 377 370 | 356 | 375 | 397 | 327 


JB 335 | 387 | 376 | 394 | 426 | 382 | 367 | 304 | 370 348 | 372 | 394 | 380 
347 | 354 | 352 | 354 | 345 | 35° 368 | 332 | 338 | 352 


351 350 | 347 346 362 357 


219 | 213 | 230 | 224 | 215 219 | 217 
198 | ror | 189 | x90 | 198 | 196 


GR 186 | 197 | 205 | 197 | 207 | 199 | 195 
B 254 | 276 | 250 | 226 | 249 260 | 230 | 237 | 252 | 235 | 25° | 234 246 
MS 203 | 213 | 215 208 | 22 208 | 214 | 207 | 226 | 208 | 209 | 204 212 
Obs. mean | 217 | 226 | 222 | 212 | 223 |_2%4 216 | 214 | 222 | 212 | 216 | 214 | 218 
RT; 
Interval (msec.) 
Conditi, SS ae 
‘Ondition Subject 90 190 | 290 | 390 490 | 590 690 | 79° 890 | 990 | 1,050 | 1,150 RTn 
2-1 
ss 26: 21: 238 | 207 | 225 | 204 | 195 | 202 | 200 
4: 281 | 277 | 202 7 3! 

GR 433 | 375 | Say | 208 | 243 | 212 | 234 isc | x74 | 182 | 178 | 377 | 179 

JB 534 | 424 | 376 | 346 | 308 246 | 249 | 239 | 253 | 222 | 257 228 | 234 

MS 480 | 403 347 276 | 235 216 | 242 | 224 | 2! 188 | 171 190 183 

Obs. mean | 487 | 408 33 | 292 | 262 | 22 236 | ata. | 2x5 | 398" 22 RR 

Theor. mean | 466 | 371 S35 | E NE T |e al a hr a 

I-r 

SS 2 2 201 196 189 192 189 | 202 183 188 91 

GR s5 ase Bt 226 | 202 | 205 | 192 187 | 206 | 188 | 186 | 197 | 190 

JB 388 | 340 | 271 | 231 260 | 228 | 245 238 | 259 | 219 | 273 | 242 | 22 

MS 322 | 28x | 224 | 205 | 203 188 | 179 | 179 | 769 | 757 z858 zsa 

2 206 | x9r | 185 | 194 | — 

349 | 300 | 256 218 | 216 agtij 199) | ies ee ret! “eh 
Theor. mean | 317 | 226 | 1999 | — | 7 = sta 


FIGURE 3 
=] 
Gi 
seoj 
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a 
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a uol- 
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1 al 
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Mean RT, as a function of interstimulus inte 
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to explain why the asymptotic differences between one-and two-choice RT, in either 
condition are not maintained at 90 msec. These findings apply to each subject 
without exception and are not predictable from equation (1) since it assumes (for 
short I) that the delay in RT, is only a function of the central processing time of the 
first reaction and that once this is completed the remaining latency should be “normal. 
Possibly these results could be attributed to some kind of grouping strategy 1 
which the subject delays his first response to determine what the second response will 
be. Such a strategy might be revealed by changes in RT, with I (Borger, 1963). 
Figure 4 plots the relevant results for all five conditions and reveals no significant 
finding in this regard, all functions being essentially flat. However, for conditions 


FIGURE 4 


—RTi (msec.) 


Reaction time 


40 690 890 
Interstimulus interval (msec.) 


1090 


RT, as a function of interstimulus interval for each condition 


; ; of 
ere 1S a consistent tendency for increase in the number 


choices in R, to lengthen ee 


ait rie: aa ak ieee” oe RT, when the number of choices in R; is held constan 


is result : i 
amount of time before hi a ap ig at the subject tends to wait f some 


e respond i i 
general set factor related th thee stimulis; possibly Beran find out 
does 


he ae 2-1 are themselves delayed so that 30 msec. MA 
an additional waiting time. If these differences in RT, os PER F the results ° 


Figure 3, quantitative relationships might be revealed by individual differences. 
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good compari: i 
aa ison of this kind is provided b 
eer eon ed by SS and MS for conditi = 
msec, eels IV Dee the | differences for these two ie ne Be T 
feats deney an _this large difference (consistent i 
m sh y yield the relationships between the two functi Bele ae 
a e a that SS would hardly show these ieee ae 
channel nO pi oa sahil for the results shown in Figure 3 i that the centra 
Miormation f e first response may be able to i 
x rocess some k 
aae in ec: an bi second response. Thus the two pair of peer pia e 
pair conditions 1-2 and 2-2 produce only conditionally r 


oe at short I 

erhaps th pasi 

eA 1e basic processes involved when RT; is si 

e i i simple cannot i 

ane ETA R Poe by the first stimulus bot some part of the one fa 
olved in disjunctive reactions can. Tf we attribute the full ai 


conditions 1-1 and 

conditions asi and 2-1 to refractoriness then the shortenin of the delays i 

reason aE E artes RT, might be a result of Ein sane Te ae 

msec. Spediic wo pair of curves shown in Figure 3 approach each other at I = 

refractorine cally, RT, may not increase as much in conditions 2-2 and 1-2 tea 
ss is not as complete as in the case of the other two conditions. 5 


A parti i 
al test of this rationale would be given by increasing the number of choices 
With increasing number of choices 


for RT 

and the eyon that used in the present study. 

Teaction E increase in RTp, the refractory effects introduced by the first 

i oea e increasingly overestimated by equation (1). 

engthened | of both reactions does overlap to some extent then RT, might also be 

oad. Such ith increase in the number of choices in RT, because of the additional 
a possibility offers an alternative explanation to the one given above 


( ig 
- 4) for th ; ; 5 a : 
Ot the four am increase in RT, which obtains for poth pairs of conditions in three 


This i 
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THREE KINDS OF ERROR-SIGNALLING RESPONSES IN 
A SERIAL CHOICE TASK 


BY 
PATRICK M. A. RABBITT* 
From the Medical Research Council, Applied Psychology Research Unit, Cambridge 


fron uring serial self-paced choice response tasks mean reaction times (RTs) for responses 
Me a are made in order to correct errors are faster than mean RTs for other correct 
T Experiment I showed that subjects can accurately correct errors in a four- 
giv e task by making the response which they should have made, even though they are 
en no indication that an error has occurred. Experiment 2 showed that subjects correct 
tion procedure than when they 


eir errors faster and more accurately when they use correc 0 
lication that subjects can correct errors 


mMm; r, 
a a common response to all errors. The imp 

ea ause they know what response they should have made allows some comments on the 

nstraints which must be met by various models which have been proposed to explain 


error-correction. 


INTRODUCTION 
elf-paced choice-response tasks the experimental 


equipment frequently gives the subject no indication whether any response which he 
pense is correct or wrong. Nevertheless subjects can very efficiently detect any 

Tors which they may make (Rabbitt, 1966b, 1967). This implies that a subject can 
ae a response, which he presumably believes to be correct at the moment when he 
Mitiates it, but which he shortly realizes to be wrong without any additional informa- 
cet from the experimenter or the equipment on which he is tested. Obviously the 

ubject must make some check or comparison in order to detect a discrepancy between 
What he has done and what he ought to have done. Any model undertaking to describe 


. Performance must specify what is checked or compared against what. ee 
Stated we shall also have information re problem: 


levant to an associated 
wh, subject’s detection of an error implies that he knows what he ought to pave aa E 
in ao it simply means that he is aware of some discrepancy between his a 

tention, but cannot define the exact nature of the mismatch. P 

5 a necessary question is, therefore, whether a subject can correct his € pie! 

pecifying the response which he should have made when correction procedure in ae 
Cüoice between several responses. Some previous experiments examining ne 

resection by correction-procedure have used two-choice tasks, where the correc 5 

ponse was always defined for the subject as the response which he a a 

u abbitt, 1966b). Other experiments involving more than two response oe 


nfortunatel F -perimental equipment which always repea 
Pean nok ane E ely responded (Burns, 1905; Rabbitt, 19664). 


8nal to whi A a 
ch the subject had v Sate ae ne T 
Xperiment I was eae made to avoid both these limitations, ee T 2 Eo 
e ether subjects carrying out a serial self-paced four-choice task cou i oO ay a 
Ges by specifying which of the three possible responses ee 
mitted an error was the one which they should have made. 
EXPERIMENT I 


In continuous-performance s 


m 18 to 25 years (mean age 20:4) 


Ser Subjects, Twelve Royal Navy ratings aged fro 
ed as subjects. 

i i <ford. 
* Now at Institute of Experimental Psychology, University of Ox 
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Apparatus 

A stimulus presentation and reaction-timing apparatus (SPARTA) was programmed to 
present the digits r through 8 in random order, one at a time, on a “digitron” GRIOJ 
numerical display tube. These signals were answered by pressing one of four response keys 
inset into a desk so that the subject could conveniently depress them while resting his 
palms on a flat surface. The appearance of either one or two was answered with the left 
middle finger; three and four were answered with the left forefinger; five and six were 
answered with the right forefinger and seven and eight were answered with the right middle 
finger. 

A sequence of responses began with the presentation of one of these digits, which the 
subject was required to immediately answer by pressing the appropriate key. Any 


was read off to within o-or sec. A code for each response was punched out on five-channel 


paper tape. This specified the signal presented, the key which the subject pressed in 
answer to it, and the elapsed time since the last response. 
The subject was instructed to run 


answering each new signal in turn as fast and accurately as possible. 


Procedure 

Ten different random se. uences of i 7 ithin each 
sequence all transitions betwen signal. Eldi ropa Soe, Wi 
frequency as possible. Subjects were run throu 
successive weekday mornings. Instructions before eac 
to minimize their errors, and to Correct any errors which 
immediately making the response which should have bi 

Since the display changed within 20 msec. of an an emo 


also automatically triggered a new signal. The subject h i is signal in order t0 
make an appropriate error-correcting response (SCR) to ignore this sig er O: 


occasions, the ECR would be appropriate to the i i T. 
new signal t d by the erro 

order to be sure that such Tesponses were intended as ECRs asbicole sais instructed ta 

pause from 5-10 sec. after each €tror-correction in order to confirm their recognition otmi 


ere by recording on SPARTA output a RT which could never otherwise occur during 


Results 
Output tapes for ea 
analysed by eye. 
y Incidence of errors. One subject made no errors, and his results were therefore 
iscarded. The remaining II subjects averaged 3:2 per cent. of errors. Using i 


pause asa criterion subjects acknowledged 74-1 per oa 
One subject on one occasion, acknowledged an © 


ch subject’s last two runs of 301 responses were teleprinted and 


no 
4 ; ~IO sec. pause as a criterion thee R 
| eed or reliability of error-detection whether the z 
was appropriate to the post-error signal or A (Mann-Whitney U, p> 05 two 
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med were accurate. Mean RTs and ECRTs are set out for comparison in Table I 


TABLE I 


MEA 
N Correct RT AND ERROR CORRECTING RT IN A FoUR-CHOICE SERIAL SELF-PACED 
TASK WITH ERROR-CORRECTION PROCEDURE 


Mean (msec.) o 
Overall Correct RT 532 ng 
404 184 


Error Correcting RT 


i ECRTs and Correct RTs for each of the 11 subjects were compared by 
xon tests. ECRTs were significantly faster (p < 0°01, two-tailed). 
Discussion 
a As in previous experiments, although subjects were given no feedback from the 
ee ental equipment, they almost always knew when they had committed an 
es or (Rabbitt, 1966b, 1967). The results show that subjects did not merely know that 
ata unspecified discrepancy had occurred—since they could reliably specify which 
ee Tee remaining responses they should have chosen. Evidently they had complete 
pr ormation as to which was the correct response, rather than partial information as 
viously suggested by Burns (1965) and Rabbitt (19664). _ 
that he fact that subjects could correct their errors in Experiment 1 does not mean 
th they need always monitor their performance 1n this way. It remains possible 
at the amount of information which subjects have to process in order to specify 
r than the amount which must be 


t 

ea €sponse which they ought to have made is greate t aonni E E ee 
Oce essed merely to discover that some (unspecified) failure in pe s 
Cor; mired, If the process of error-detection i Jex than the Fee of error- 
a RON, it is possible that subjects who are required to make a single common 
specify to all errors should do so faster than Wi who have to correct errors by 

ing the response which the, should have made. j 3 

Ex Previous snay (Rabbitt, 069) required „subjects per torriak = vee i 
Sie I to make the same common detection response i ) PET mR 
tin anatomica ee hE ee ene ve pan annia error detection 
i omicall se interesting r 
times (484 ish «taney ae s ting responses ER) 
ieordeq in Ex are I1. It remai scover whether subjects cou : 
i faster when they used a CDR or when they use 


Signa] ee Š 
E Tecognition of their errors amily somparable responses. Experi- 


ent» ader conditions when these were 
Ace Was made to do this. 

e oe the question of their anat 

i inds: (1) the CDR may be a respon, 
ae the ceed of an error (iask-external CDR) or (2) the CDR A ay be A CDR). 
h Soe also made to some signals presented aine e T UE e they can, 
by ond class of (task response) CDRs allows an ext conor, made to correct a 
y Chance, fall into two contexts. A given task-respon ght te have made (ie. an 
e CDRs thus offers an 


other CDRs 


omical convenience, CDRs may be of two 
se used for no other purpose than to 


CR re may also be the respon 

Oe oe or it may not. paeh 

ade ty of comparing anatomically identica 
© under the same experimental instructions. 
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x ssible, the 
the incidence of errors in choice-response tasks should be kept as py - e 
ect convenient situation is a two-response task where we may expect to 
S in each category for a valid comparison. me 
i oh o e eea undertook to compare three kinds of responses e k 
BERS, tadh-ectornst CDRs which were anatomically similar to the ECRs, 
response CDRs—which might or might not be ECR-equivalents. 


EXPERIMENT 2 
Apparatus 


i t I. 
i i a for Experimen 
zas again used, with the 10 programmes of signals made up ugh four 
All a ts arn the same basic task : they responded to all digits ene bape E 
b aioe a response key set under their left forefingers and responde 
eccush eight by pressing a key under their right forefingers 


Subjects and procedure 

Thirty-six Royal Navy ratin 
ally run through two new Sequences of 
weekday mornings. General instructi 
were identical for all subjects. Three 
all their errors, as fast as Possi 


5 e task. 
ese responses was ever used during thi 
group. These subjects signall 
r Fa) 

; he righ’ 
igits one through four, a x 


5-10 Sec: 
Following every error-signalling response subj f 
before resuming the run. Thi 


r for in 

jects were required to pause med i 
t error-recognition could be confir: 

situations where SPARTA 

Results 


ct’s intentions ambiguous. 
SPARTA output ta 


d 
F Js an 
ject’s ninth and tenth runs of 301 signa 
responses were telepri 


nted and analysed by eye, 
Incidence of errors 


Percentages of errors made and 
Analysis of variance showed no signi 

Valid and invalid error- 
responses were possible. 
no error had occurred (Fal 


(i.e. the ECR). Such 
indicating the subject’ 


pons? 
These wrong corre 


e significantly (Wilcoxon, p < 0 as) g the 
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TABLE II 


INCIDEN N 
a ENCE OF x 
or ERRORS AND ERROR-DETECTIONS IN A TwWO-CHOICE SERIAL 
SELF-PACED TASK 


OEE 


Errors as Percentage | Percenta, is i 
ge Detection” 
percentage of total wrong in absence 
of total errors detection ofan 
= responses detected responses errory 
eoe Procedure 
Task- Pi oo ot ae -78 pi 
Das ee CDR (Group 2) oe ae oe i 
xternal CDR (Group 3) 5'82 78-1 2:0 k 


Three 
separate groups of 12 subjects used error correcting procedure and two types of 


comm, 
on error detection responses. 


task-ex 

eral CDR group (2:0 per cent. of CDRs). In the task-response CDR group 
him h 3 ct ever made the wrong error-signalling response when the CDR required of 
È = Ma pened to be an ECR equivalent. In the task-response CDR group ECR 
made ti nt and non-equivalent CDRs were equiprobable, and 10 out of 12 subjects 
he wrong CDR. This effect m judged significant (Sign test, 


DL oo ust therefore be j 
I). Error signalling responses made by groups I and 2 might or might not be 
The incidence of these 


ap P 
Propriate to the new signal triggered by the preceding error. 
expected by chance, and did not differ signifi- 


evi 
cantly ‘ew approximately as would be 
hese gr etween ECR and task-response CDR groups- Wilcoxon tests within each of 
Dresen oups showed that (i) The incidence of valid error-recognitions, judged by the 
Events Š of a 5-10 sec. pause was not significantly different for each of these classes of 
Within. (ii) RTs of error-signalling responses were the same for both classes of events, 
each group. 


RT. 
S of error-signalling responses 
ean correct RTs and error-signalling RTs are set out in Table II. 


TABLE III 


— MEAN CORRECT RT AND ERROR Detection RT 
Error detection] 


correction RT 


Type of error detection|correction Mean correct RT 
B response (msec.) (msec.) 
OT; : 
geen Procedure (ECR) (12 subjects) 435 (0 = 93) 396 (o = 152) 
esponse CDR (12 subjects) 

2) peel 2 k m a 428 (o = 104) 676 (o = 248) 
(3) CR equivalent ae 584 (o = 189) 
T; Not ECR equivalent ee wa 758 (o = 265) 
437 (0 = 84) 467 (o = 179) 


as} 
x k external CDR (12 subjects) si 
t a two-choice serial self-paced task with 
a task-response 


Th 

Ufas groups of 12 subjects carrying out 0 ono procedure (0) 
error-si i : (a) Error Correc jon Proce 
signaling procedu n ternal Common Detection Response). 


om: 
mon Detection Response and (c) a task-ex 

een mean correct RTs 
d that RTs of error- 


significant difference betw 
(p < 001). 3 


analysis of variance showe 


Analysis of variance showed no 
t between groups 


t 
he three groups. A separate 


in 
Si z 
Enalling responses were significantly differen: 
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showed that ECRTs were significantly faster than task-external CDRTs ($ i ee 
which were in turn significantly faster than task-response CDRTs (p <o-or). M 
tests were made to compare Error-signalling RT against mean Correct RT hoo ae 
group. In the ECR group Error-signalling RTs were significantly faster BEE 
Correct RTs (p < 0-01, two-tailed). In contrast both task-control and e A 
CDRTs were significantly slower than the mean Correct RTs ($ < 0-05 and $ 
wo-tailed). 
f a o CDRs might or might not be ECR equivalents. As we i ee 
subjects in the task-response CDR group tended to make ECRs, even whe: end 
contradicted instructions given over four previous days of practice. Tene AG 
incorrect error-signalling responses, mean latencies were computed for correct 368): 
equivalent CDRs (Mean = 584, o = 189) and for other CDRs (Mean 758, o A 
ECR equivalents were significantly faster (Wilcoxon, p < o-or, two-tailed). 


ith the 
of Wilcoxon tests compared these against RTs for other classes of responses with 
following results: 


ses 
(i) Both types of task-responses CDRs were slower than mean correct respon 
($ < 0-01, two-tailed). 


. the 

(ii) Both types of task-responses CDR were slower than ECRs obtained from 
ECR group (p < oor, two-tailed). 

(iii) Both types of task-res 


Rs 
ponse CDR were slower than task-external CD 
($ < oor, two-tailed). 


DISCUSSION ae 

Relevant features of the results of both experiments may be briefly an ; 

(1) In Experiment x subjects reliably recognized their errors and could nea y 
always specify which of three other responses they should have made. 

(2) In Experiment 2 ECRs were faster than either task-external or task-resP° 


CDRs. “Real” ECRs are significantly faster than task response 
equivalents, 


(3) In Experiment 2 task-exte: 

(4) Task-response CDRs were 
they were not. + 

(5) Consistent with (4)-is the 
Telatively inaccurately bec 
Teverse confusion never oc 


nse 


. Rs. 
mal CDRs were faster than task-response er. 
faster when they were ECR equivalents than 


DRS 
finding that subjects made task-response © 


$ da. The 
ause they frequently made ECRs instead. 
curred. 


. i most 
All these points Support the generalization that subjects signalled their ah they 
quickly and accurately when they were allowed to make the response whic whic 
should have made. Points (3) and (4) raise another issue: task-response COE. this 
are not ECR equivalents are relatively slow and inaccurate. Two reasons 
seem possible: 

(a) There may be a strong competing tendency to make an ECR. rep 

(b) Ina two-choice task, a response which is not an ECR is, by definition, 4 

of the error. It may 


5 ons? 
t nay be that subjects are inhibited from repeating a TP 
which they have Just discovered to be wrong. 


jce- 
A direct experimental choic would require data from da ae 
response tasks with three or more Possible Tesponses, in which subjects make 
response CDRs. Here three 


error-repetitions and other 


eat 
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s hypothesis (b). Task: 
response CDR: : s -external CDRs were significantly f 
CDRs were rata = 0-01, Mann-Whitney, two-tailed). Thus ates the task- 
w) this should be % s Bin ona comi aE tendency to make an ECR s : 
aster it is most lik rue of task-external CDRs. Since task-ex E 
; ly that task- external CDRs are 
subject Hay response CDRs are slowed b é 
J to repeat a response which he has just discovered to aria ey reduire iE 


The cen i 
Eei, m pont to emerge from both experiments is that subjects not onl 
y have made an error but apparently also know which response ie 


should hav se 
not be eee lms oat I). Error-detection, where the correct response need 
not only signal i 3 z not take any longer than error-correction where the subject must 
(Experiment 2) a K e has made an error, but also indicate what he should have don 
1967) consi dered ik previous discussion of the process of error-detection (Rabbitt, 
eor emake ree possible models for the process by which a subject might detect 
MGW consider t without reference to any external source of information. ‘We may 
error because “4 i extent each of these models implies that a subject can correct an 
Rete call ows what the appropriate response should have been. 4 
onset of a si the entire (unknown) sequence of C.N.S. events intervening between the 
putation.” gnal and the completion of an overt response to it the “S > R com- 
.” There are, then, at least ich the accuracy of a given 


S three ways in whi 

Ri n amen may be checked. 5 $ 

This ee subject may recompute the entire S > R computation one or more times. 
response is imply that when he detects an error the datum against whìch he checks his 
subject thus as ution specifying some other response which he did not make. The 
Note that if “ee that he has made an error because he can specify another response. 
putation E the subject is assumed to know which of two or more rival S > R com- 
solutions was correct (and not simply that they gave different results) we 


must ; 

Wan additional assumptions. j 
a subject may only recompute part of an S—>R computation. It would 
stages of eo errors in the portion recomputed could be detected. If only the initial 
discrep e S —> R computation are duplicated, the fact that the subject recognizes a 

ancy between separate comp d not imply that he knows which 
f it turns out that he does know 
that the terminal 


tations nee 
he other hand, i 


Tes 
Witte he should have made. Ont 
stages g he should have made, we must necessarily: assume 
the S > R computation have been duplicated. Tn this case (as in A above) 
f the conflicting 


We wi 
solu a also have to explain how the subject apparently knows which 0 
Bane was correct. : 
oth models A and B assume that a solution to one S > R comp 
) is checked against the result of so 


een emi 
emitted as a wrong response, 
h between two independent solutions WO 


eni 
2S putation, A mismatc.: 
ct that one of his computations was wrong. But we have 
hich is-the correct solution. Clearly additional 
dels to be tenable. There seem 


o 
ws more than this—he knows W 
ther A- or B-type mo 


between which to choose. 
etween the solutions 


(i) We may suppose o detects a mismatch b 
i lways prefers the solution which specifies 
. This would not be a good 


of separate S > R computations & 

a different response to the one which he 

strategy on present evidence. Since 2-5 per cent. ses are wrong, We 
must infer that this is true of S > R comput i al, and so that it 
must also be true of recomputed solutions. ight expect that on 
uld think that he was wrong when he was 


2-5 per cent. of cases the subject wo 
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not. Inother words he must make as many false error-detections as he mam 
errors. In fact the probability of a false error-detection was about o pac 
these experiments. We must accordingly either reject the idea that the a a 
detects his errors by recomputation, or find some other — se 
hypotheses A and B which explains why tecomputed solutions are far 
reliable than the responses which are checked against them. 


(ii) Any given S — R computation may be supposed to be duplicated in aa 
not once but many times (Rabbitt, 1967). All these separate compu a nia 
may be subject torandom noise. Because of the random distribution o n pe 
between (as well as within) computations some of these campiitauon fa 
likely to terminate in solutions before others. For the same reason, T 
these computations may terminate in false solutions while others do po io a 
subject may achieve relatively reliable computation in noise by waiting act 
consensus of solutions from several independent computations. He Ee en 
upon a small sample of these solutions at some risk of making an eo B 
possibly with an advantage in speed. Whether he responds prematurely D 
not, all these processes will eventually terminate providing a final, relative 


4 f has 
reliable “consensus” which may serve as a check for the response he 
chosen. 


(iii) A similar model might assume that a sub cea 
tual evidence after the moment in time at which he makes an overt en 
Should the “premature” response be in error the subject will shortly rea ple 
this as his accumulation of evidence progresses towards a more pee, 
conclusion. This model has underlying assumptions common to aig 
models for choice-reactions (e.g. Laming, 1968), which assume that errors at& 


. i (o 
m some sense, “premature” responses based on inadequate sampling 
perceptual evidence. 


‘ y ; cep- 
ject can continue processing per p 


An interesting variant of such a model mi 
input and process information from the dis 
initiated his response. I 
instance, that because th 
actually closed the Trespo; 
then initiate a second S 


ght predict that the subject continues to 
play after the moment in time when B for 
n the present experimental situation it may be argue t has 
e display was only switched off 20 msec. after the subje¢ 


eliminate (i) above, bu 
third model for error- 


(C) Logically distinct from the ide 
Miller, Galanter and Pribram (1962). 
the subject in possession of a C.N.S, “ 
make. Feedback from the response 


ade bY 
leave 

Zpould 

pa 


a of recomputation is a suggestion mM 
Some part of the S > R computation ma 
program” which specifies the response he 
which he actually makes may then be con 
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Such a compari z Gani 
can only 5 parison between an ER ee 
(such ee in the execution of theact. A failure k E D ERETT 
ber dTa i t from perceptual misidentification of a signal) obviously co oa 
against “inten: T ese means. Evidently comparison of feedback from PERR 
his error hécaus r a motor programs” necessarily implies that the subject detect: 
respon aie can detect errors without being able to i 
el ei bs of he should have made would have eliminated dal C te ee 
plained by either A or B without modification. The actual, contrary ae 


that subj k 
jects know what response they should have made when they correct an 
on, but would require modification 


error— 
ante p explained by C without modificati 
orB. The most simple hypothesis which, without any modification, covers 
m to the author (Burns, 1965; Rabbitt, 19662, 19660, 
hus that subjects only detect their motor aga, 
feedback from a response against a motor pro- 
response has been made. 
ye to suppose that humans detect all their 
erceptual-motor tasks. It is known that 
th practice (Rabbitt, 1967). Different tasks 
ts of performance. Optimal strategies for 
sidentifications (if any are possible!) may be 
2, where signals were very 
due to failure in the 


against this “program.” 


we know abou 
s in all situations 

hat there are many 
out feedback 


pro ; 
the pena of responses. Nothing that 
optimal ca will rigidly confine themselve: 
make Pa y for some cases. It is possible th 
Carene which they cannot correct with f 
occur becar For example, it is a common observation that many 
making “ ause subjects move their hands up Or down relative toa keyboard, thus 
to note Bod al reaches to the wrong rows ofkeys. In this connection itis important 
ave shoy at keyboard tasks more complicated than those used in Experiments I and 2 
(1965) TA much lower rates of error-detection. For example, Conrad and Longman 
chord ke a found that about 20 per cent. of errors were corrected during training on a 
Writer k board, and that 23°3-34'4 per cent. of errors were corrected during type- 
A eyboard training. 
tect: necessary conclu: 
RN strategies used in all 
ae fee an attempt to rigorous 
Ta r particular experimenta 
much “4 to achieve an effective compr 

ore evidence is available. 


typing errors may 


sion—that no single model is likely to describe all error- 
psycho-motor tasks—does not mean that we should 
ly define the various possibilities, and to select between 
] situations. It does, unfortunately, mean that we are 
ehensive description of these processes until 
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SHORTER ARTICLES AND NOTES 


EFFECTS OF AGE ON NOVELTY REACTIONS AND 
EXPLORATION IN RATS 


BY 


R. N. HUGHES* 


From the Department of Psychology, The Queen's University of Belfast 


moe rats of three ages (approximately 39, 160 and 316 days) were individually 
of a beh: man exploration box which consisted of a novel and a familiar half. By means 
what aviour-sampling technique it was recorded which half of the box the rat was in and 
of 8 sort of activity it was engaged in at the end of each of go ro-sec. periods. The number 
otis x 8 in. units entered was also recorded. All rats were seen 1n the novel half more 
ae n than in the familiar half and this novelty preference was greatest for the youngest 

s. However, exploration and inter-unit locomotion scores tended to be lower with the 
younger animals. For all three groups these two scores showed a significant decrement 

uring an observation period. 

INTRODUCTION 
wea 1958 Broadhurst reported that ambulation in an open field was greater for rats about 
rat days old than for 50 day old animals, but there was no significant difference between 
He approximately 100 and 240 days old. However, Furchtgott, Wechkin and Dees (1961) 
ae 8 observed that open field locomotion decreased with age from 30 to 163 days old, but 
ren urther change occurred between 163 and 173 days. Candland and Campbell (1962) 

Ported an increase in open field locomotion between rats 18, 23, 30 44 and 54 days old but 
Pe age effect disappeared with rats older than 54 days. Williams, Carr and Peterson 
y 966) found that locomotor exploration in a symmetrical Y-maze increased with age in rats 

7) 51 and 78 days old and then decreased between 78 and 116 days. cate 
fa It is possible that the rather confused evidence of the above authors 1S re ated to the 
ct that their measure of exploratory behaviour was 


usually amount of locomotion. De 
TRSA and Bolles (1961) rightly feel that exploration cannot be adequately understood if it 
ied to one response index. Therefore, it was 


decided to examine the effects of age on 
ae elty preferences and several other measures of behaviour when each rat was allowed 
ess to two environments differing in novelty. 


Subj, METHODS 
e divided 
inpe 2e Subject 6 female Wistar rats, all experimentally naive. They were d1vice 
ae H AEE ErOU DS x E subjects each: (1) I nfant, mean age T oe en pe 
YS); (2) Ad: ge hens = 155-162 days); n = 
C: s65 a R pa dsd i Each subject had been weaned one a 5 d a 
ay ee with three other females of the same age. experiment all su a} 
he experimental room and had ad lib. food an 


Apparatus 
The apparatus, which has been. de: 


d water up 


i i rt (Hughes, 1965), 

i scribed i revious Tepe 
aes of four wooden exploration boxes, 164 in. wide and 25 n. done cae ee yee 
PA ded into six 8 x 8 x 8 in. units by means of incomplete san a = a = es ae iana 
țin. wide. The walls had gaps i 8 in. high and 2} in. i bee Ea 


S a two halves by means of Ml and F three “familiar.” 
e + 5 s 
S gre sicy aya uote wean 
wie for each subj ects Bach nee ese Ha djacent novel and 

a water dispenser nozzle was suspended in a i acewvailable in these two units. 


Cubes of standard laboratory rat 


* Now at the University of Canterbury, New Zealand. 
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Procedure n 
Each rat was confined to one half of a box with food and water for 12 or 24 hr. rora 
ing this, it was removed and placed in a cage while the guillotine slides sepatan tothe 
halves were withdrawn thus enabling access to both halves. It was then put bac 
same familiar half and 30 sec. later was continuously observed for 15 min. ecaesorded 
By means of hand-counters the total number of 8 in. square units entered were whether 
(total unit entries). Also, a behaviour-sampling technique was used to determine Jo), and 
the rat was in the previously unavailable or novel half or not (preference for nove. aad 
what sort of activity it was engaged in at the instant a light from an electric ama 
on and off, thereby signalling the end of a 10-sec. period. (There were go such 0 aed: 
tions for each rat.) Frequencies of the following forms of behaviour were thus rec ee 
(1) exploration—activities possessing familiarization properties by Ue ae of 
receptors into closer contact with its external environment. The specific Te: 
behaviour consisted of sniffing the air or the floor and walls of the appa side- 
rearing up on hind legs usually while sniffing; walking forwards, backwards or 
ways within a unit or from one unit to another; 
(2) grooming—licking, scratching, rubbing or biting the body; 
(3) eating—eating a rat cube; 
(4) freezing—crouching or standin: 


category was provided for re 
other four categories, 


Half of each age- 


the other half for 24 hr. The use of four boxes enabled the observation of four rats a day- 
Assignment of „boxes and familiar halve j 


i us 
g on all four legs entirely motionless. Amistat 
sponses which could not be included in any 


Separate analyses of variance we; P 
and normalize the distributions all proportional data (i.e. all except total unit entries) 


re sin 4/percentage (Snedecor, 195°” 


s nd 
; j on total unit entries, Preference for novelty, exploration, eo 
eating, Except for one Significant interaction on total unit entries (F = 3-43, d.f. = cores 
b < 0-05), time of confinement to the familiar half failed to have any effect. Mean sS 

on each measure and F ratios are displayed in Table I. 


TABLE I 
MEANS For EACH Group on E 


F Tests 
ACH MEASURE oF BEHAVIOUR AND RESULTS OF 
SS Ee ee 


F o 
2,3) 
Measure | I2hv. | 24 hy, @.f.t, 30) Infant | Adult Old lake 
ee 
Total unit entries . 53°61 a 00 || 48- 2 [53:75 a6 
Preference for novelty)! 61-00 ee as | A pe 35°83 on 
Gomme vă -|| 63-04 66-28 <I-00 | 58-92 71:50 64:97 1:28 
c ais +l] 3-27 4°72 3°50 Ba “50 5:5 .56* 
Eating y ++] 16-61 8-11 E | ie eee 13742 TA 
Freezing -|| 2-89 Sir | fo | 5-75 4:08 Zar +00 
Miscellaneous aie 3°39 5°78 <I‘oo || 6:83 3°00 39% s 


Teams easa = a 


ommended by Lindquist (1953), asine s 
ce and 30 degrees of freedom. The resu 


follows :— 


Total unit entries. Adult rats entered signi its than Infa 
Snificantly more units thai 
(t = 2:73, p < 002), but there was no significant differance between Adult and 0 


nt rats 
id rat 


r AGE AND EXPLORATION IN RATS IQI 
= 1-61 7 
this ee ee een Old and Infant rats (t = 1:11). (The significant interaction 
e te i; e accounted for by increases in Infant and Old performances a: aa 
Preference a x performance between the 12 and 24 hr. confinement conditions.) ae 
MOREA tec foi novelty. — Infants were seen in the novel half at the end of si ificantl. 
. periods than either Adult (t + 2-84, p < 0-01) or Old rats (t + 3°45. ae eau 


but there w. iani : 
ere was no significant difference between the latter two groups (t = œ61). Asshown 
ach age-group was seen in the novel half 


by bi A A 
ae e significantly more than half of e 
atus at the end of more than 50 per cent. of th H i 
p < eoor; Adults bees h See bony 50 p oi e 90 IO-SEC. periods (Infants 
pe R, Adults engaged in more exploratory activity than Infants (t = 3'16. 
tant diffe ut did not differ significantly from Old rats (t = 1°67). There was no signifi- 
Ee between Old and Infant rats (t = 1°50). 
differ nent t ate food more frequently than Adults (t = 3-07, p < oox) but did not 
A aus Ge er from Old rats (t = 1°35) who in turn did not differ significantly from 
eee enon of Table Land consideration of th 
Bina, due mainly to significant differences between Infant a 
i of each activity (except miscellaneous) over t 
tested poe determined for each age-group. Differences between the three periods were 
or significance by means of Friedman two-way analyses of variance. For all three 


age- : 
8e-groups there tended to be less exploratory and inter-unit locomotor activity near the 
loration: Infant and Adult 


end = ners sani 
of the 15 min. interval than there was at the beginning (exp 
‘Adult and Old p < 0-001). 


< 0-01, Old p < 0-001; total unit entries: Infant p < 0'01, 
scores for Adult (p < 0-05). On the other hand, 


Thi f 
te crate to preference for novelty ? 
H o ended to show higher frequencies of eating near the end of the testing session 
02). All other results indicated a general lack of change in frequency over time. 

T Discussion 
Pa sae) Adult rats showed a greater number of total un 
Surprisi ion than Infant rats, and yet preference for novelty was f 
of pasing because if, within limits, amount of exploration 1S directly proportional to degree 
explo elty (Fowler, 1965), one might have expected the group that engaged in more 
vation to show also the greater preference for the novel half of the apparatus. This 
Adults could be accounted for by the 


ar ; 
irge difference in exploration between Infants and 4 L i 
ups. In other words, by spending more time 
ble for exploring or 


ifi 5 
ae in eating between the two gro c 7 
towe he immature, rapidly “growing” Infants had less time availa! e g 
owe sely, by spending less time exploring they had more time available for eating. 
it is r ver, as inter-unit locomotion was recorded for both exploration and total unit entries, 
with E likely that the Adults’ vas due to contamination 
explo he latter. Therefore, it ca y “tendency to 
Score re” was less marked with the e > f exploration 
Th being influenced by either eating or total unit entries. ee p 
T locomotion scores (total unit entries) reflect a result similar to that pp ed 
iffe roadhurst (1958), namely, an increase from very) t rats, butno sign cant 
rence between adults and older animals. Williams, Carr, and Peterson (1966) said 


a 
t Broadhurst’s result may hav 


it entries and a higher frequency of 
as higher for Infants. This is 


emot; 1 
Poly reactive strain, but as normal Wistars were use 
sibility seems slight. Williams et al. (1966) also found that on the n 
) spent more time in the arm of a Y-maze contain- 

‘Assuming that this arm was 


Heir youn 

in, oungest group of rats (27 days old 
the Various small objects; A did any of their older groups. 
most novel of the three offered, it could be said 


Bre: 
ti pans preference for novelty. Even though 2 ge ee 
ex: . ae i can be rawn 
periments, a similar conclusion. drawn fron vel half of the apparatus. 


€Cause th 

Thi e Infant rats spent the reatest amount 0 

ae and the ee of Arenes g freezing between the three age-groups suggest Ge 
reial timidity towards novelty shown by young chimpanzees (Welker, Egako aye 
o Sarded as typical of female rats in the present experimental situation. Perhaps "ear 
novelty” in the rat might depend more on. developmental factors than has been previously 


*ecognized, 
Shoy he significant decrements with time in locomotion (to 
de by all three age-groups have been observed in rats 

ra and Spinner, 1958; Montgomery, 1953): 


ntvies) and exploration 


tal unit en ) 
tlier workers (e.g. 


by several ea 
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i i showed the 
concluded from the results of this experiment that Infant rats s ae 
eee nes for being in the novel half of the apparatus, but that in TRN orme 
total unit entries and exploration scores, Adult rats engaged in the mos on adult rats 
exploratory behaviour. This latter conclusion is supported by the fact tha tate a 
were the only subjects showing a significant decrement in novel preference one 
result suggesting a higher rate of novelty-habituation facilitated by exploratory ares, tS 
In view of the contamination of the exploration category with total unit entries feat hig hee 
greater amount of locomotion exhibited by the Adult rats might account for t pire. 
frequency of exploration. However, it should not be assumed that the pi nent 
in the total unit entries measure served absolutely no exploratory function at all. 
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DEPENDENCE OF THE OVERTRAINING EXTINCTION 
EFFECT ON ATTENTION TO RUNWAY CUES 


BY 
D. LIKELY* and S. B. SCHNITZER 


From The University of New Brunswick, Canada 
Six grou i 
= ps of rats were given 60 ex followi 

ac > S g ex’ nway 10. owing 30, 90 Or 120 
x SEE trials. For half the groups, 2 hurdle was interposed in the runway during both 
uished ion and extinction. For rats tested with the hurdle, the 30-trial group exting- 
more readily than the other two groups. With the hurdle absent, overtrained rats 
as supporting the hypothesis that over- 


exti i 

tane hod more readily. This was interpreted 

g transfers control of responding from external to internal cues, and that internally 
e susceptible to extinction. 


Co: 5 : 
ntrolled running is relatively mor 


tinction trials in a ru 


INTRODUCTION 
ffects of overtraining on 


sage esting results have been presen 
oe ance to extinction. Some investigators (Bacon, 1962; Finger, 19424; Ison, 1962; 
ison, 1964; North and Stim igel and Wagner, 1963) have reported that 


Ov ae he eg 
ertraining facilitates extinction. d the overtraining extinction effect 


O 2 
Gee), Others (Hill and Spear, 1963; Hou: yrence and Miller, 1947; Wilson, 
4) have found that overtraining increases the n f trials to extinction. A third 


pene of studies (Bacon, 1965; Birch, Allison, and Hous I : 
962; Theios, 1962) presents findings showing that overtraining has no statistically 


aerial effect on resistance to extinction. All of these experimenters, obtained their 
Gane a r00 per cent. reinforced, non-discriminative running response with rat subjects. 
facili ne suggestion (Mackintosh, 1965; Sperling, 1965) that may resolve the conflict is that 
itation occurs only in situations where training leads to a change 1m control of the 


A * 

P ponse. Running may initially depend on external cues, th increased amounts of 
ext ning, control becomes internal, and the response is then relatively independent of 
eroceptive stimuli. Further, 1965) both hypothesize 


hata h (1965) and Sperling (1965) | 
at internally controlled responses May tion. Thus, OEE 


Ashe ison i highly trained 
ppear only when a comparison is m: ighly trained, 
1 y when a Pp l c 
e pally controlled response group with the scores of a less thoroughly trained group still 
Prodig in terms of environmental cues. 
ransfer from exteroceptive to interoceptiv' may be delaye 
This might be accompli 


It was pre 


hree levels of training wet y 
x of a white runway. d 
tin the non- 


black h; 
i urdle interposed just before the goal-boz i 
; . 
T hurdle condition cyertraining would i istance to extinction, bu 
condition, overtraining would faci 
METHOD 
s old 


Subjects 
albino rats, 68 to 74 day: 


at aoe subjects were 32 male and 28 
e start of training. 


Apparatus 

Hand e runway was a straight, 

on, bere guillotine doors ©! 

flat; oth having the same width an 

7-w white, covered with 4 in. mesh hardware clo 

eed bulbs placed at equal intervals 18 in. above 
er reduced by a paper screen elow the bulbs. 

alifax, Nova Scotia. 


* . 
Now at Dalhousie University, H: 


female Sprague-Dawley 


i 12 in. high, and 50 in. long. 
pales ay cting Bey in. k goal area 8 be 

. The apparatus was painted a 
ght as the rind i minated from above by three 
The light was diffused and 
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For three of the six groups, a black painted hurdle was placed immediately in pee 
the goalentrance. In order to reach the goal, a rat was forced to climb a 60° incline, oe 
the top of the hurdle 1-5 in. below the runway cover, and travel down a 45° incline a E 
goal-box threshold. The barrier was made of } in. mesh hardware cloth bent over a bla 
plywood form in the shape of an inverted T. 


Procedure 


Six groups of ro rats were randomly chosen from the available subjects. food 

Two weeks prior to the start of training, all subjects were placed on a 23 br. fo +s 
deprivation schedule which was maintained throughout the experiment. AN subjes 
were given 3 days of pretraining. For 10 min. periods on two successive pretraining ale) 
subjects were individually placed in the start-box of the relevant (hurdle or nop hur 
apparatus, with both start and goal-box doors open and no food present. Onthe third ead 
each rat was put directly into the goal-box and allowed to eat for 20 min., or until it 
consumed 20 45-mg. Noyes pellets from a food cup. 

Runway training began on the da: 
non-hurdle groups were given 30, 90, or 120, 
Ten trials a day, each reinforced with one 45-m: 
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ing the goal area, 
5 e start for the next trial. ee 

g the end of acquisition training, 10 non-reinforced trials a day y z3 
ontinued to be putting all to p nai 
for 30 sec. in the goal-box be z to 
i vere recorded with a stopwatch, and any subject that faile 


sec. was removed from t immediately place 
in the start-box for the next trial. RE PREIS, anc tra 


RESULTS 


cquisition were found to yield decreasing, negatively 
As a check on 4 Fae 


group differences in acquisition, running 
were compared over groups and hurdle conditions at Trial 30, the dask trial common. 


celera- 
ac times 
to all 


mong acquisition level groups as suc ‘was non- 


2 the 
For each subjects ic 


exceeded 120 sec. we 1, 1960)" 


re counted, and 
These means and thi 


eir standard erro: 


TABLE I 
TRIALS EXCEEDING EXTINCTION 


CRITERIA: MEANS AND STANDARD ERRORS 


Amisin 60-sec. 120-560. 
1S: . . 2 ° 
avails be Merion ounen a 
se, ————___ 
condition N Means SE MARAS S.E. 
Non-hurdle 30 16-7 i aa pe 132 
29 24:6 2°36 10:9 ro 
TO 20-4 2-11 8-7 ae 
Sel a | 
Hurdle 30 28-7 ET i6 1°93 
Esd 18-8 I-60 8-1 mi 
120 19-9 2°54 oe 27) 
ta 
An analysis of variance for a 2 x i : the 4 
3 factorial design was performed on # the 
separately for the 60-sec, and for the 120-Sec. criteri 8 P ‘terion, neithe! -, 
Trials: effect (P= 076, Afi a2, a, p ooe, nor Oaea ite 


$ > 0o05), nor the Hurdle condition 


T 
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d.f. = 1 
f. = 1, 54, Pp > Oo" igni imi 
criterion iat oo) he oS Tc results were obtained for the 120-sec. 
05). What i 0°03, Q.f. = 2, 5% > 0-05; Hurdles: F = 1-6 ie 
Sec dite ane is critical for the hypothesis is thi i eee ae Teal 
ened or | pot! š that, for both criteria, th jals 
E oon: a as statistically significant (60-sec criteri ao 
oor} ORe eE = è : F = 9'65, d.f. = 
While the 20-sec. criterion: F = 3°64, d.f. = 2, 5: < oo a wae ee 
above analysis is useful in determining the P Sica ‘interaction, the natu 
, re 


of the analysis i 

si i 

ysis is such that the main effect of training on extinction is lost. Retardation of 
dle condition “‘cancels” facilitation of extinction by 


extincti 
overeating ipreopere 2 in the hur 
madetrent 1 e non-hurdle condition, as a main eff 
ae „asa ect. Therefore, 
Derou E tae ace and non-hurdle conditions as if they were ae pec a 
anda Scheffe a post vidually compared within hurdle conditions, using the 60-sec. C iter! A 
eviori test. A further comparison was made between the 30 Ro 
2 s 


and t] z 
ge min cats. for overtraining groups. 
and Pi e condition, the 30-tri -trial di eee 
(p ope combined test (30-trial a pores oo. ere was significant (p <0°05), 
for the ip other significant differences eel in this al) appaiachee ie analy 
exception of ee groups revealed that all differences were significant ($ < Ad Yeh the 
ifferences at between the two overtrained groups (go-trial vs. 120-trial) Din eat 
was reversed between the hurdle conditions. : Wirection.ct 

_ As predi ee Discussion 
interposed rane overtraining was found to interact with the presence or absence of an 

omogeneou: urdle, Overtraining facilitated extinction when the runway was relativel 
attending tı s, but retarded extinction when the apparatus forced subjects to ANE 
overtraining environmental cues. These results are in accord with the hypothesis that 

Cues are pie serves to make running relatively independent of external cues, unless such 
More aa peaa distinctive or interruptive, and that internally controlled running is 

Tewas aa ible to extinction than is externally controlled running. 

‘ound in i eugpested that this hypothesis might help account for the discrepant results to be 
forced, no an Several studies have employed conditions of 100 per cent. rein- 
lend Sedena iscriminative training. Examination of the apparatus used does, in fact, 
way, ei re a to this suggestion. Of relevant experiments with an enclosed straight runs 
Stunt demonstrate OEE (Clifford, 1964; Ison, 1962; Madison, 1964; North and 

agner n 1009, two experiments; Seigel and Wagner, 1963; Theios and Brelsford, 1964; 
Teport no r 3), and only one such study reports the opposite result (House, 1963). Others 
effect of overtraining (Theios, 1962; Wagner, 1961). This apparatus presumably 
eptive stimulus pa nt hypothesis, transfer 
rol should occur readil: , b), carefully 
Miller E f OEE inan elevated apparatus. Lawrence and 
Cues, an pe?) suggested specifically th “putable to this lack of 

ight by deliberately differentiating the goal-box of their aratus by a well- 
cE. If Skinner pox studies can be added, on the 


assu f 
mption that this apparatus is pri 
relevant. ials to extinction in that apparatus 
It might be pointed out that the use of a hurdle, poth here and in Mackintosh’s (1965) 
ed attention with increased € ‘ort. Under at least 
i e will enhance resistance to 


u 
Peni a o eesaniy confounds increas 
nditions, it appears that a more effortful running respons 
Jt can be ypothesized that one effect of effort 
hus, a high effort condition may 


extincti 
S to wales (Lawrence and Festinger, 19 2). 
Contrib rease the probability of sampling ‘axternalcues. T f 
effects ute to inhibition of internal response control. We are continuing to study the 
of this and other variables on overtrained running responses. 
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INFAN 
aes HANDLING AND THE FACILITATION OF 
CRIMINATION AND REVERSAL LEARNING 


BY 


2 RODERICK WONG and JOHN L. JAMIESON 
vi 
om the Department of Psychology, University of British Columbia 


ays 3-21, whi home cage and received dail: i 

aay tre: to Mea a ae group of litter mates remained in the cage sev HET aa 
Ene they wets Goday oyaa all rats were weaned and they were housed in ua eS 
ne f 5 i i i 

the foment em three forced trials in the T SPET pasy ga blonk 
tion, SuD EE were | Following 20 days 0 NE E a making 
indicate TREE ri given ro days of reve daily Eia DE e 
choices than Se anc animals showed faster running and a greater number of ae 
experiment. ontrol rats during poth the acquisition and reversal learning phases of the 


e Abrscent INTRODUCTION 
infantile ha: red by Wong (1966) has indicated that, in an appetitive learning situation, 
supports the previ did not faci ted formance in the T-maze. This result 
experiments preon findings of Spence and Maher (1962) and Du Preez (1964). Other 
Critical VARRE Berstein (1957) and Goldman (1965) have yielded positive findings. A 
ousing the a le which may account for these conflicting results concerns the method of 
animals were nimals during the post-weaning and test period. Whereas Goldman’s (1965) 
in each cage oe housed, those in Du Preez’s (1964) experiment were housed four 
arge teed etween weaning and testing. Similarly, Wong (1966) housed six rats in a 
der (196 thate the period between weaning and testing. It has been established by 
easure a e at “group housing which effects a ‘reduction in various behaviors purported to 
animals diff eral emotionality in the rat, acts to decrease Or eliminate differences between 

If itsa cme manipulated during early life.” 

reducing facto assumed tha g Ca ct of handling is due to 
and the Aaea the apparent discrepa itive finding 
ne of th gative results of Du Preez (19 
successful implications of Ader’s study is th 
Dl alegre in differentiating between the per 
Procedur: ing task involving positive reward i 
e was adopted in the present experiment. 


METHOD 
bino rats bred in the laboratory were used. They were 
s after birth to either the handled or the control condi- 
d at 21 days. Originally there were 
e end of the 


died before th 
bed in Wong 


some emotionality- 
of Goldman (1965) 
ved quite simply. 
more likely to be 
handled and nonhandled animals 
ed in individual cages. This 


T 
tandon evon female Wistar Al 
ion, aan: assigned from their litter 
I4 rats i were housed by litters unt 
experimer each group, but one of them i 
1966), ent. ‘The T-maze and the timin 


hose descri 


atment was described in 
d individually in 7in. X 9$ 

placed on a diet of 15 g™- 

edule for 8 days, 

forced trials was used in 

d and nonrewarded 


Th 
procedure used in the handling tre 
ere house 


22 all ack 
an aa Fag ae were weaned and w 
Tation pe: diet, When they were 60 days © 
8iven ae day. They were habituated to this maintena 
Order to os of pretraining in the T-maze. 
80al-bo provide each subjec 
xes. Four trials were giv 
iven daily blocks of four 
ree forced trials. 


Af A 
task, B pretraining subjects were 8? 
block consisted of one free tri ced 
ded with kernels of Grapenuts weighing about 0-05 gm. for 
h group received food for choosing 


animals į 
ee in each group were rewar 
g the white goal-box, while the other half of eac 


© black goal-box. 


discrimination 
Half of the 
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The blocks were arranged so that each rat ran into the rewarded goal-box for two trials 
and into the non-rewarded box for the other two trials each day. The sequence of the 
trials after the first which was a free one was to force the animal into the side opposite to its 
initial choice for two consecutive trials. On Trial 4, they were forced into the side which 
they chose on Trial 1. The location of the rewarded goal-box was on the left during the 
first two trials and on the right during the last two trials, | 

Following 80 acquisition trials which were given over a 20-day period the rats receive 
discrimination-reversal training. The reversal series consisted of one free and three 
forced trials per day for a period of 10 days. 


ReEsutts 
Acquisition 
For analysis, all time measures were converted to speed scores (r/lat.). A comparison 
between the running speed scores of the handled and the nonhandled rats during ac guises 
revealed a significant difference (F = 13-96, d.f. = 1/25, p <.0-005). This is presente 
graphically in Figure 1 which shows 
and control animals during acquisiti 


d.f. a 19/475, P < 0-001), the handled group ran consistently faster than the nonhandled 
animals, 


œ-—o Handled group 
*—* Control group 


Running speed (I/running time) 


246 8 10 12 14 16 18 70 22 24 26 28 30 


Acquisition Reversal 


Days 


Running speed during acquisition and reversal learning as a function of infant treatment. 


; e: 
; about 50 per cent. of the handled group’s choices wine 
last 5 days of acquisiti c : per 
cent. coet in ae Jaye 16-20) the handled animals had attained a score of 93 


the 82 per cent. score obtained by the nonhandled grouP: 
Reversal learning 
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ci i par 
meened, and their results indicate that the handled rats were able to learn the reversal 
aster than the control rats (¢ = 1:71, @.f. = 25, p < 005, one-tailed). 

DISCUSSION 

nfantile handling does facilitate an animal’s 
iscrimination response. It is 
f adopting the methodological 
uring their postweaning 
tween animals differen- 


feck is quite apparent from these data that i 
belie rmance during the acquisition and the reversal of a d 
Si ved that these results were obtained as a consequence o. 
ge proposed earlier. By housing rats in single cages di 
ey , we have minimized a factor which decreases differences be 
y treated during infancy. E 
ae could be argued that the obtained results are attributable to differen 
A ivational level due to body weight differences between the two groups. Hinde (1966) 
Ai S pointed out that the weight at weaning of handled animals is greater than that of their 
Onhandled counterparts. Barnett (1963) has also indicated that handling facilitates the 
Stowth rate of the rat. From this it follows that the difference in growth rate is accom- 
ay by an improvement in learning ability. However, a recent study by McMichael 
a has shown that although handled rats were heavier than nagnacge ones atenn E 
r weights w ignifica ifferent at age ays. is obvious tha 
ghts were no longer significantly diff ge 57 Cay 5 the effects of body 


z ture studies on this handling and learning should consider and asses: 
eight loss of the groups. 
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CHANCE RESULTS IN UTROCULAR DISCRIMINATION 


BY 


W. B. TEMPLETON and F. A. GREEN 
From Department of Psychology, University of Durham 


f 3 â The 

A review is made of studies on whether we know with which eye we are seene, once 
almost total failure to achieve chance results is ascribed to lack of control of converg 
and it is shown that such control completely eliminates discrimination. 


INTRODUCTION 


; e 

In everyday situations it is easy, by closing one eye, or, less trivially, attending to the 
boundaries of the visual field, to decide which of one’s eyes is receiving a par stion, 
stimulation. The classical problem then resolves into the almost tautologous que: cues 
familiar to students of E.S.P., of whether it is possible to discriminate when all paowa aa 
are eliminated. Nevertheless there remains the empirical problem of whether on ot be 
devise a situation in which a change in stimulation, which is itself discriminable, ou ; 
referred to the eye or eyes in which it occurs. Helmholtz (1925) believed that one wrdely 
and despite the almost total failure of attempts to do so, his assertion has been V 
accepted ever since. 

These attempts have involved tw 
altering the stimulation of one eye. 
1902; Thelin and Altman, 1929; Pic! 
placed an occluder close in front of 
some subjects at least, discriminat 
vergence control allows the operati 
in the oculomotor adjustment to 
those of the closed eye and that t 
for discrimination. Perhaps mo: 


ivel 
o types of approach to the problem of selectiv y 


ücke, 
One group (Heine, 1904; Brückner and von sa eee 


d but 


lea 
pasis 


work, 


1964: 
in support of Hel: ' i ; ill and Jeeves. te 
Hochberg, 1964; Bower ppo: elmholtz’s claim (Pickersgill and J ra 


r 
, Goldsmith and Hochberg, 1964) but in fact her overall er ned 
was only half the chance rate. All that can be ne ie is that the ideal case mentio 


: ; this might b hich the 
nation was based. ght be expected whatever the cues on w. oad 
The final study in this group is that of Barret ar ho used & e 
ee í t and Williamson (1965) w palf th 
sophisticated techniq petite: r te about a 
chance level. But their stimulus § vision and again recorded an error ra. m fai 


f es 

ng only one eye is to stimulate both y imuluĵ 
of the stereograms. Since the art ere’ aA 
1 y one can more easily eliminate any suspicion Ot © ted W 
adaptation of the two eye: hanges or auditory cues associat Jem of 


and one would a come the pr 
uncontrolled convergence, outl Ppear to have over 


4 ines- 
one of the corresponding pairs of cross lines ented 


Bu 
ertion- 
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was inte i imi 
nded specifically to eliminate the eye movements and consequent differential 
hich Smith claimed had contaminated the 


classical experiments. Yet it i i 

explains his nts. Yet it is difficult to see how this can have been a i i 

error rate Corea thet finding, that increasing the convergence E Meese 

this parteist z ing hat the strain of convergence interfered with the muscle cues Tn 

ae oe xperiment fixation was on the central cross te 

pean mc should have occurred. 

Wetused (Saat i Las present study made clear the probable deficiencies in Smith’s set-u 

Roles se stereograms each consisting ofa single bold black plus cross with a etl 

Pe he e and presented on a white ground. Despite the fact that a single fused 

Serene’ ne oe et =e light was flashed through one of the holes it typically 

cross. $ $ 

squint a might be polon to seek an explanation in Diagn bite 

Samal ‘or one eye to change i i 

Pees e that eye (c.g. introduction ofan eye cover Or a tien ots 

efect, and EN If a light appearing briefly in a hole were su 

took up a ittle is known of how gross the change must be, then, irrespective of which eye 
new position, the after-image of the light in the stimulated eye would correspond 

the other eye. But one 


Spatia i 
E EE some non-central point on the cross stimulus in 
require complete suppression of the cross surrounding the light in the stimulated 
r fixation was not accurate 


eye. 

in the first d seem to be that binocula: 
place. Thus the cross arrangement is seen to be a form of the fixation disparity 
single vision) b al peripheral patterns are binocularly fused (seen in 
centrall 5) ut are shown to be stimulating non-corresponding points when the two 
SO as te, placed halves of a single vertical line, one half presented to each eye, are adjusted 
situ nion ia aligned with one another. P ‘Thus, if fixation disparity occurred in our 
when one h e large crosses and their unilluminated holes would appear in single vision but 
would be els was illuminated the comp’ o fusion of the holes would cease and each 
ole sonia! erred spatially to the eye which it stimulated or, more likely, the unilluminated 
be suppressed and the other seen in a direction appropriate to its, non-central, 
in the left and right eyes would appear in different 


Tetinal i z 
limage. In either case flashes i 

ith’s square line grids correspond to the crosses of 
occurred resulted from inaccurate 


ulsion t 


Penan be noted that Smith discarded trials on which a displacement was obvious to 
Second ject; however, displacements between flashes temporally separated by several 
E bo might well serve as cues for utrocular discrimination without themselves becoming 
test us” to the subject; our f fixation disparity was based on a simultaneous 
-Smith also balanced his lights for in i of alternating 
dasa repeated flash from ”; this 
ithi sonal area are, if 


left ‘i 
and right eye stimuli which “appeared 4 
timuli to left and right eyes within Panum’s fusional 
i igual direction, just, as 


referred t 


or ild be expected if spatial sepa r 
an ntally per ipheral stimulation gave a higher error rate—approaching à l 
xati vertically periphera This result could bi ed if horizonta 
o "seer disparity is more marked or less ea 
€asil anions of our own suggest) and if, for a 5 y Te 
vertis iscriminated if they lie on opposite sides of the primary Vertical mer! jan: only 
of Hy, peripheral stimuli separated by horizontal 
pera meridian. 
fused AAA set-up of our own involved a dark backgro 
there ation points and a flash whi 
cree in horizontal displacement oi AOUR T E 
ce 5 vas probal y s 3 
Ma ld be in > slime eee m Pp hen released from radial fusion demand, 
cyclophoria is known to alter visual directions (Howard and Templeton, 1964). 
op Finally, Smith also obtained © ts symmetrically 
Bute one another with reference o t 
ulated the same eye, OP others different eyes; he 


nly two pinocularly 


und with o: 
the fixation points; 


bove one of 
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i of 20 
one eye had been stimulated. Here the two flashes could appear in any 
bart fee rm which would increase the difficulty of detecting a fre etait Helm- 
These final two results appear to provide the only support in the literatu oe oae 
holtz’s contention. Nevertheless the contention may be generally a e of tne fast 
binocular fixation can be ensured. We were enabled to achieve this by vir S he Was 
that for each of our subjects there was a binocular fixation distance for whi 
apparently orthophoric. 


METHOD i the 
The subject sat at a high table on which was mounted an optical bench carrying 


involving corresponding points was achieved. 
the half-covered hole the effect was striking—a 
a transparent crescent of finger. Repetition o 
tion. If utrocular discrimination is abolishe: 
eliminates fixation disparity; otherwise the q 
On each trial one of the holes was obscure 
onesecond. From the subject’s point of vie 


respond right or left on every trial. The 
random order. The subject fixated on th 


sion. 
e fused hole while waiting for the occlusior 
Fifteen males and 15 females served a 


in 
S subjects, almost all students of psychology 


RESULTS 


ws the 
e number of correct responses. Table I Sor e, 
J © expected frequency on the assumption as 
responses follow the binomial distributi 


a 

> and 10 were combined into a single eee the 

the resulting X? (4 d.f.) was 2°35, well below the 0°05 significance value of 9°49. nsidering 
i el and we would seem to be justified in co 


= 
Expected frequency} o 


Obtained frequency | o 


TABLE II 


UES 
L PLACES) oF VARIOUS POPULATION VAL 
AMPLE PROPORTION 0:507 


RELATIVE LIKELIHOODS (Two Decima: 
GIVEN THE S 


oF $ 


True value of p 


ea 
Relative likelihood 
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tion values of p. The relative likelihood for any 
of a binomial population with P = Po 
ability of a population with P = 0-507 


likelihoods of various possible popula 
population value Po is the ratio of the probability 


ees a sample proportion of 0-507 to the prob 
maximum likelihood estimate) generating the same sample proportion. Table II 


indi 
a ei that only values between 0-4 and 0-6 have non-negligible likelihoods and we 
ude that in the absence of fixation disparity any utrocular discrimination which can 


ae the verbal response level is extremely slight. 
is eo conclusion is further strengthened by the inability of the single subject we tried, 
inal rn the discrimination in the course of 50 trials with knowledge of results following each 
25 . On the learning trials he had 24 correct responses, on the subsequent 50 test trials 
ierst ] 1 t stimulus large enough to show 
Vera ae of the visual field boundaries there are no cues available directly to mediate 
or presumably motor responses of utrocular discrimination in humans. Fixation 
in the refractive system could all 


parity; the various phorias, and interocular differences 1 
oduce differences between left and right eye stimuli but the significance of these cues 


TONA have to be learnt, probably in the experimental situation since the task is not 

ormally encountered in everyday life. 

7 Pickersgill’s (1961) warning that subjectiv: 
ye should not be used to probe the etiology © 


cui; On the other hand much of the spatial behaviour of ani } 
verlap of monocular fields must depend on information about which eye has been stimu- 


fated. And in humans there is little doubt that unambiguous stereopsis requires that the 
ee inputs be referred to the correct eye. The precise point in the system where 
trocular information ceases to be available is a question for further research. 


It would seem that without blinking and without a tes 


e reports that an effect is seen in a particular 
f after-effects is strengthened by the present 
imals with little or no 
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DISCRIMINATION OF MIRROR-IMAGES: CHOICE TIME 
ANALYSIS OF HUMAN ADULT PERFORMANCE 


BY 


ROBERT W. SEKULER and KEVIN HOULIHAN 
From Department of Psychology, Northwestern University 


For members of many species left-right mirror-image discriminations are more difficult 
than are up-down mirror-image discriminations, A previous study with children using 
simultaneous presentation of pairs of figures showed that the relative difficulty of Dor 
discriminations depended upon the way in which the figures were aligned. The poneis 
experiment with human adults uses choice times to measure the difficulty of the two kin s 
of mirror-image discriminations under two alignment conditions While the relativ 


difficulties are clearly affected by alignment, the experiment shows that overall, left-right 
discriminations are still the more difficult. 


INTRODUCTION 


Members of widely different species have great difficulty discriminating bayern 
figures which are mirror-images of one another (Sutherland, 1961). Even more striking 
the consistent pattern of relative difficulties pr 


discriminations. As Rudel and Teuber (1963) pointed out, for children, as well as rats am 


octopodes, discriminations between left-right mirror-i re difficult than 
discriminations betwee; a GEF Ste HAR m like 


n up-down mirror-images. For example, members of pairs 
JC or Jare more 


f (Gibson, 1965), we have ext te 
n of adult human subjects, Specifically, we are interes 
ative difficulties of left-right and up-down mirro: “to-be- 
variant over changes in the alignment with which the 


addition to judgements proper, i t i i en 
of the relative difficulty of Eeh in the hope that these times would provide a g 


The stimuli used are shown in Table I. 


ndia ink 
and photographically imaged on high con 


Each pair of figures was drafted in jected bY 
] o 

tachistoscope viewing box. ided by ra 
other channel, The projected image wa val 


S opened, causing the pattern to appe the rear ecti 
proj ulu 
n instructed to judge whether th PE pa f each pair Ot Si 
fenres had the same or different orientations. ee e poly their ‘ sar ete 
: ‘ign joe gementaiby Pressing a toggle switch in either of two directions. ote they 
ies a ao — a as quickly as possible with the additional constraint tha 
certain” that their response would be c ject 
i orrect, ubje 
Slides were presented at a rate of one each 5 sec. Each remained visible to the Spong? 


x 
: : ke $2 
nged in the slide tray to permit each subject to nase 


p On half the trials, slides for stimulus types A B’ istics 
were shown after being rotated about a vertical axis, Teven ite lat sieht! characte™ 
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TABLE I 


Error Rates, MEDIAN AND GEOMETRIC CHOICE TIMES 
FOR Each STIMULUS TYPE 


A B c D 
Error rate 
Geo, mean (msec.) 0:06 0-01 0:05 0:06 
Median (msec.) 818 780 823 824 

810 770 830 825 

E F G H 
eet rate 0:03 0:06 0:02 0:04 
bg mean (msec.) 730 761 823 798 
edian (msec.) 757 750 795 795 


ab als, slides for stimulus types C, E, and F were rotated 
Me a horizontal axis, reversing their up-down characteristics. Slides were presented in 
4 different random orders. For half the subjects, run in any given Seger a Ee 
r Ehtward switch throw designated a ‘‘sa me” response, a leftward throw z = ere 
inte while for the other half of the subjects the deisgnations were ee 5 e 
erval between the opening of the shutter on the projector and the subject's response 


c i i “195. ., 
(choice time) was measured with a millisecond timer. 


fe) . 
f those stimuli. On half the tri 


Subjects 
The subjects were 24 undergraduate students from an jntroductory psychology course. 


RESULTS r 
f The median choice times for each subject and each of these eight ied Lent = 
ieee and entered in a Friedman analysis of variance by ranks. 1 4 oe tenet? 
‘els that median times for the eight sets = ao ee Te anes fer ack: of the 

Lr = 20°4, a ians and eometric means ©! e imes soe 
Ps mets a es sean Ta = I. The Wilcoxon matched- pairs Ee ths 

as us indivi risons which are 0 experi a 3 
ray ised to make those individas, pe summarized as folo e mirror ma of figures are 
tarayed laterally, our subjects took longer to respond to left-right re ype ee 
ype ae which are up-down bare hee (type Ged longitudinally there was no 
P< 08) een pais, in e iøht-left and up-down mirror- 
e times for right-le: cal Pi ee 


Statistic Te È 
i ally significant different between choice 3 
bore’ stimuli ~— D vs. type B, $ d eer AA B > 028). nective axes of 
n types of mirror-image stimuli are aligned a g! Ei E A TODE 


= ectior i igni i ‘petween them. 

n there is no significant differences e n A = the K 
ategori mi i i ned lon itudinally as y do up down 
nee oe sige lee iror Pa, Pu. Ee 5 p > 005; type H vs. type © 


m: 3 
‘ror image stimuli aligned laterally 


> 0-05), 

n As expected, the mean error rate (see Table I) yan 

Umber of errors committed was S° small that it is not p! 
Parisons among error rates for different stimuli. 


uite low in the experiment. The 


ossible to make meaningful com- 
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Several recent studies have shown asymmetries in the times required for subjects to 
categorize stimuli as either “same” or “different” (Bindra, Williams and Wise, 1965; 
Nickerson, 1965). In order to determine whether a similar effect might obtain in our 
experimental situation each subject’s choice times were compared for corresponding pairs 
of stimuli which yielded “same” and “different” responses. Sign tests were done on the 
times for pairs A and B, C and D, Eand F, and Gand H. None of these comparisons, 
between times to respond “same” and “different,” approached statistical significance 


(all p > 0-25). 


Discussion 


the college students did not make more errors but they did require a longer time to judge 


used to measure difficulty of discrimination. The difference in choice times associate’ 


with the two kinds of mirror-image stimuli, in our experiment, was restricted only to oe 
3 re 


This 


than were right-left confusions. This discrepa: i hose © 

s i ncy betwe s and tho 5 
Sekuler and Rosenblith may not be as great 5s iei scoe. SEHEN (personal com 
munication) pointed out that, taken as a whole, the data of Sekuler and Rosenblith show 2” 


asymmetrical diffculty of up-down and ri i 1 align 
3 ght-left mirror-image: With the latera! 
ment of stimuli their subjects made only four confusions Delve right-left mirror-imag a 
m 


§ n 

: o kinds of mirror image relationshi went fron 
s as the ere 

one alignment to the other, even under longitudinal Slice the sates ‘izeriminatio® 


was never as difficult as the left-right w. i 7 a 
results like their earli Pow giS Under the lateral alignment. The Prigwn 
ere ir panier ones, then, show that while the differential difficulty of UP done 


o a 
sady gman ao ese nat Butler (19) Das reported 3 renle? 
“neons presentations ofthe Bures to be dictt ina a Bake ea Taen taa requel 
up-down mirror-image stimuli. That finding Spe poe ore 


considerin, i F $ i 
ering both alignments used in our simultaneous discrimination situation, the "6 


p-down. In this respect ae exper 
las rats, and octopodes. ours 
eresting questions raised by 9" js the 
n the more difficult? and (2) “amuli? 
ed at all by the alignment of 5 


related work: (1) why is the right-left discriminati 
e \ = CTIM1; 
diffculty of mirror-image discriminations Diae 


Ss 
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SOME ANOMALIES IN THE STUDY OF 
EXPERIMENTAL PAIN 


BY 


DIANA R. HASLAM 
From the Department of Psychology, University of Bristol 


; jes 
The experiment was designed in an attempt to throw some light on certain anomale 
connected with the assessment of pain threshold by the Limiting Method. Itis argue th 
an anchoring effect, similar to that described by Helson (1947), accounts for the low pi 
threshold values found when a small stimulus-interval is used. 


INTRODUCTION 


P ld 
In a previous experiment (Haslam, 1965) it was found that when heat-pain mreng 
was assessed by the Limiting Method the size of the increment in successive values vas aS 
variable stimulus had a considerable effect upon the results. When the increment abl ë 
small as 8 mc./sec./cm.? pain threshold was significantly lower than when the va 
stimulus was increased in steps twice or four times as large as this. ndin 
This finding was repeated in a further experiment (Haslam and Thomas, 1967), Sania 
discussing the results the authors suggested that the factors which are operative neg this 
stimulus-intervals are used are psychological, as opposed to statistical, in nature. limite 
connection the suggestion was made that subjects might perhaps tolerate only a, mall, 
number of trials; this was called the “tolerance limit.” Hence, when the step-size g = é 
impatience might cause the subject to end the experiment by reporting pain a fp 
stimulus value. An alternative tentative explanation was that the suggestion ° report 
implicit in the instructions might induce particularly suggestible subjects to shold 
pain after relatively few stimulus presentations. This would result in a low thre 
value, especially when the step-size was small. f the 
The experiment re In 


ain 


approximately half the value of the other, and tw 
the other. In this way it was hoped to throw so 


In order to test the suggestibility hypothesis, a heat illusion test was used, as this 


Suggestion was considered to be the most appropriate. There were five sessions 4™ 
subject served as his own control, 


METHOD 
Subjects 


Fourteen subjects (seven male and seve: 
technical staff of the University. Their 
Apparatus and procedure wolff 

Pain threshold. Pain threshold was assessed by means of a modified Hardyy by® 
(1952) radiant-heat apparatus in which the heat from a 500-W. bulb was concentra, 


e . i e 
in diameter. Mains power was supplied to aratus 
monitored by means of a voltmeter. 


d 
dy am 
n female) were drawn from the student bo y 


mean age was 20:7 years. 


4 s 8 me./8 
slam, 1965). Two starting-points, 50 a eae co 


| by a 
4, 50/16, 98/4 and 98/16 conditions respective giant 


although the same procedure was simulated, no heat was actually applied to repre 
simulated trials were given until on three successive occasions the subject fai <i mes 
any sensation of warmth. A subject’s suggestibility score was the number o 

reported warmth in the absence of a heat stimulus. 
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The f i 

fatidom ene pate: Beato assessments and the heat illusion test were carried out in a 

e n T at least two days were allowed to elapse between each threshold 


Pain threshold RESULTS 


the weed shows the mean pain threshold, range and 
ae = Hims, Friedman’s two-way analysis 0: i jegel, 1956) showed that 
o-oor), A V or cant difference in pain threshold as betwee: iti 
Dose Bis eli coxon matched-pairs signed-ranks test (Siegel, 1956) showed that, of the six 
mbinations of starting-point and step-size, the only pair of pain threshold values 
ere those for the 50/16 and 98/16 
viously been found to be 


whic! rons 
aes not significantly different from each other w! 
ms. The 16 me./sec./em.* interval is the one which has pre 
Je pain threshold values 


the optim i 
um interval in the sense that it ives rise to th i 
(Plaskan and Thomas, 1067). gi e e most reliab 
TABLE I 
ND NUMBER OF STIM 
s REFERRED TO IN 


Mer. 2 
EAN 
PAIN THRESHOLD, RANGE A ULUS PRESENTATIONS FOR THE 
THE TEXT 


Four CONDITION: 


Mean number 


Conditi Mean pain threshold of stimulus 
onditions in me.|sec.[om? Range presentations 
PRE E 
50/4 156 76-268 28 
50/16 208 124-302 II 
98/4 173 117-238 20 
98/16 212 156-302 8 


When the mean threshold values givenin Table I were compared with 220 mc. /sec. cm, 
ing the average heat-pain threshold for the whole 
und that the values 156 


th 
e value previously suggested as being i 
Haslam and Thomas, 1967), it was fo 
me./sec./cm.* (p < 0o01 and 


Population (Thomas, 1966; 
£ 173 mc. /sec./cm.? were significantly different from 220 < 
sO 202 respectively) whereas 212 and 208 me./sec./em.? were not. For this purpose a 
was used in which the null hypothesis was that the pain threshold for the whole 
itions can be seen. in 


open is 220 mc. /sec./cm.? j 
‘abl ank correlations as between threshold values for the various cond n 
eee II. This shows that all the rho values were positive and significant at a probability 
of 0-02 and better. 
TABLE II 
CORRELATIONS (Ruo) 
Conditions Rho value Probability level 
. :002 
98/16 and 50/16 +076 o 
98/4 and 50/4 0°88 mee 
98/16 and 50/4 +0°64 Se 
98/16 and 98/4 poe Ae 
50/4 and 50/16 Toa opn 


Ses I shows that the mean. number of 

oi condition to 28 for the 59/4 condition. 

Sigmierval-size, that is, 98/16 with 50/16, & 

20 d-ranks test showed 2 significant difference betwee 
a 28 stimuli (p < 001, ty iled, in both cases). be Aihe 

th: he results for three female subjects are © e or 
reshold values reported unde These can be 


extremely low 
Table II. 
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TABLE III 
PAIN THRESHOLD VALUES IN MC./SEC./cM.2 FOR THREE FEMALE SUBJECTS IN THE FOUR 
CONDITIONS 
c ŘŮŮŮŮľ“ 
Subject 50/4 50/16 98/4 98/16 
H 94 140 124 212 
I 88 192 171 212 
J 76 212 124 192 


C eee a a 


Heat illusion test 


Only two of the fourteen subjects scored on the suggestibility test. One scored ten aie 
the other scored one. Under the suggestibility hypothesis these two subjects, both 0 
whom were female, might have been expected to have the lowest pain thresholds. This, 
however, was not so, and the suggestibility hypothesis was not confirmed. 


Discussion ; 

n pain 
small 
hold 
tations. 
of 173 


limit for stimulus presentations havin been reached b j t d a sign 

tolerated a 
cantly greater number under the 50/4 univer, fe ae la 
not confirmed. 


The finding that the mean pai t ition was BO! 
significantly different from that fo een eee toe FORD ee 


C. 
; : ; or the 98/16 condition supports the view that 16 me-/S° 
ea, the optimum interval for the assessment of pain threshold (Haslam and T 


The possibility that “sensitization” occur: 


ns bas 
been discussed and dismissed in an earl: 


shold 1 


: ch is intermediate bety -painful heat ap or- 
ame oe Ten an pate low intensity stimuli can be thought or as exerting an X noe 
baa Similar to that found in many other cases of psychophysic@ J 


esholds 
ting Zi 


Some experiments carried out by Grindley (1936) on the variation of sensory thr 
renti 


(pressure, touch and pain) with the rate of incr w 


s ease of sti intensity are 1 
the light of the present results. He found that the aAA et the di 
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of stimulus intensity decreased, 


eration. Grindley points out the 
ity, defined 


rise i 
tha: A phos threshold, the results of the present expe! 
hie Smal step-size gave ris than did a large step-size. 
algomat in line with the present results are those o 
A ese found that the faster the pres 
degree nea mak the finger behaves like a semi-elastic body in which, to produce a given 
needed. Dornan, the faster the rate of pressure applied, the greater the pressure 
essential if = h goes on to say that his results demonstrate that control of technique is 
eliminated ne capable of producing marked alteration in pain threshold are to be 
The findi om pressure pain experiments. 
Ment enoh: ing that pain is reported at such excessively low values in the present experi- 
ever, ee oo once again, the highly subjective nature of the pain experience. How- 
case can he if the position is adopted t in threshold cannot be measured, a 
can be e made, in view of the present results, i in threshold 
conditi assessed. The high rho values found when correlating thresholds for the various 
Tn ons support this view. 
an te to overcome some of the problem: 
and Thon interval for the assessment of pa 
stu ro a (1967). Smith (personal communicatio. 
subjectis pain has been found to be reliable, then thi 
mee ive nature of the pain experience, why pain s l 
throws event, it is hoped that in studying pain by psychophysical m 
Psychol not only on the mechanism of pain perception, but also on the more purely 
ological problems raised by the use of these methods. 


s inherent in the study of experimental pain, 
in threshold has been suggested by Haslam 
n) has pointed out that if a method for 
ere is no reason, in spite of the highly 

hould not be studied experimentally. 
ethods, light may be 
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GRADIENTS OF DISTORTION SEEN IN THE CONTEXT OF 
THE PONZO ILLUSION AND OTHER CONTOURS 


BY 


GERALD H. FISHER 
From the Department of Psychology, University of Newcastle upon Tyne 


It is suggested that the spatial distortion evident in the Ponzo figure is a special case of 
a more general illusion in which a gradient of attenuation appears within areas bounded by 
angular brackets. The magnitude of this gradient is measured in five lines seen against @ 
number of angular contexts. A similar gradient appears also in the presence of single 
oblique lines. Accordingly, it is suggested that the distortions seen in the figures usually 
referred to as “the angle illusions” depend upon the presence of contours which do 20 
necessarily define angles. The implications of these findings for certain existing theories 
which suggest that some illusions depend upon apparent-distortion of angular size and tha 
they contain features usually associated with two-dimensional perspective projections t? 
typical three-dimensional scenes are discussed, 


INTRODUCTION 
FIGURE 1 


(a) The Ponzo illusion and (b) the general case of the distortion apparent in it. 


Two identi i ; e r to 
ntical horizontal lines placed within an inverted V-shaped bracket apro nzo 


differ appreciably in length. This i W: longer 
y . Is illusory spatial di i i 
. X i patial distortion was first descri tha, 
(1912) The nature of the illusion is such that the upper line seems somew ha re j 


the lower, thi i . A f 
is being seen clearly in Figure 1 (a). The distortion apparent in this fier ane 


ition accuracy exceeding --1/10 mm, o third jina 
of the five was located centrally against t being displ jal 


by a distance of 50mm, The angles and other figures used to provide the differen 
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Cases the lin f 
were placed spine these context-figures were AF Pe EE EE 
clearly oueli aren in front of the back th TE pite neS 
as mm., this being ef he length of the line closest to the apex Sethe: ae bene 
os adiasted by eib? E eee to which the lengths of the ae ae = 
opnate formes oii . The me od of adjustment was em li md 
SE sete of instruction were given prio i athe eee | ae 
‘periments described were were given DAON anally i A he pak een 


by th 
e same sample of 50 subjects. 


EXPERIMENT I 


Method 
A sheet 
long Ha of transparent plastic i i 
3 Seals painted upon which were two ob! i i 
gackeround aie. a wees Lents = angle of 45 seo blige ced before the 
D o displ. 8 z square, is sheet could be laced i i i 
display x ‘an =e se apple left- and right-pointing ae Eapel For mr vated 
i} gi t-pointing pe ler pattern of five lines was as described above, while for left- and 
adjustment E patterns the apparatus containing the lines and their associated 
y Ttical entat anisms was rotated through go degrees, ‘whereupon the lines assumed a 
position that th ion. Each subject viewed all displays i laced in such a 
prad, Hawas s centre of each pattern was approximately 2 metres from i 
i ere randomis ‘pee to adjust each of the four variable lines, the initial lengths of which 
PPeared to + 1 across the whole range of their possible adjustme: 
Presente ito e identical in length. The four directions 
Xperiment ei in a randomly determined order, this being ch 
Plain plastic = carried out. A control situation, omitting any Co 
sheet, was included within each series. Each participa 
e series of respo! 


Se 
of adj a 
justments in each condition, thus making fiv 


Results 


TABLE I 


or DISTORTION I 
AGAINST A STANDARD 


NDUCED BY AN ANGULAR CONTEXT IN 


Es 
TIMA 
TES 
OF THE MAGNITUDES 
LENGTH OF 100 MM. 


Four Lines JUDGED 


eae 


dap £ a 'h of 100 MM., this being i 
Bt enters of the angle irrespee ive of the orientation of the overall configuration. e 
n extents © istortion (X) apparent in each of the 

ide these are enti e standard 

i its of 1 mm. 


en z 
entered in rows refer to the mea 
ed 2 through 5- 
All results were expressed in unt 
i Reference to these 
out each 


jeldy computation. 
TO! ively through 


t * 
the , eadily if igi 

fe the original hi 
to th mber 1 being allocated 


err 


li 
lines seen within the framewor of the angle. tatis 
le differs significa: 


dist 
0; 
orientation © e 
i The trend evident 1 


P Tti 
trua iban according to each 
eg he dita which the angle was omittec. i 
nsider, erent angular orientations is significant also. 
ed to have been draw? rom the same population of responses, 
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statistically significant differences appear between the results referring to similar eres 
locations of lines according to the different orientations of the angle. T he series í E, 
tortions apparent in relation to left- and right-facing angles do not differ, nor Rantiy 
referring to upward- and downward-facing angles, but the former series differ signi aaa 
from the latter. Accordingly, the appropriate sets of data have been combined as 1S ntly. 
in the last two columns of Table I where further analysis confirms them to differ significan ae 
These entries provide the best estimates of the progressive magnitudes of the disto 
gradient with respect to angles presented in different orientations. 


EXPERIMENT 2 

Method i 

As shown in the first experiment, the magnitude of the illusory influence of the ang 
context of the Ponzo figure differs according to the relative positions of the two Bose eae 
lines located within it. Although it has not previously been demonstrated, as far aS which 
aware, the distortion is influenced also by the angle subtended by the inclined lines 
form the V-shaped bracket. To evaluate the influence of different contexts apan ar 
distortion-gradient, oblique lines subtending angles of 45, 60, 75 and 90 depres the 
prepared upon sheets of transparent plastic as before. These were again placed again only 
apparatus displaying the five horizontal lines, the conventional inverted orientation acts 
being used for each different angular condition. Each member of the sample of 50 SU I a 
viewed the displays selected ina randomly determined order interspersed with which was, 


Bila po i A S1 
condition in which no angle was presented. All subjects made one series of judgemen! 
each situation. 


Results 
TABLE II T 
ESTIMATES OF THE INFLUENCE OF ANGULAR SIZE UPON THE DISTORTION-GRADIEN 
Angle Angle 
45° 60° o o° omitted 
75 9 — z 
Line No. x | oe x | & X| |z| De- 
ot 
2 49 | 0:38 25 | 0-27 2-4 | 023] 24 | o-24 0105 | 
. 0°20 
3 63 | 043 | po | 037 37 | 062 g7 | 19183) | + 0'%8| Se 
° 0°22 
4 76 | 053] 5:3 | 0-43 49 | 046 45 | o-40 os| pa 
039 
a %5 | 064) 65 | oss| 60 | ogs | 5:6 | aso +083 
= td | eee 


As before, the data have bee 
zontal lines numbered 2 throu 


Í e 
j i which the apparent-lengths of the remaining four lin each 
judged. As in the first experiment the distortion gradient is clearly apparent: rta 


n 
. : R 
significantly from the control condition. More tion © a 
r 
5 deg 


i is 
ue lines. The distortion induced by the 4 jent # 
S sae T That p all the others an it is clear that the magnitude of the ae hor!” 
intuenced directly by the size of the angl ; thin whic 
zontal lines are seen. ngles defining the contexts withi 


EXPERIMENT k} jon 
The results of the first two experiments were such as to confirm that the Pont 0 3 
is a special case of a distortion of visual space in which a gradient of attenuation epen! 
within lines bounded by angular patterns. The nature of this gradient appears tortion Ua 
upon the presence of an angular form, the influence of which is such as to induce diS princip! 
other forms seen within its boundaries. It seems irrefutable that this is the 
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d and gratuitous to question that it 


according to which the distortion might be explaine 
blem considered in the remaining 


should be otherwise. Nevertheless, this is the pro 
experiment. 


Method 

lef Experiment 2 was repeated with single inclin 
left-hand arm of each angle and the left-hand hal 
upon one occasion, the right-hand arm and lines on a 
each half of the angle upon the distortion-gradient w: 


zed lines rather than complete angles, the 
ves of the horizontal lines being presented 
nother. In this way the influence of 
as estimated. Lines inclined to left 
and to right at angles of 22:5, 30, 37° 5 and 45 degrees to the vertical were used, presentation 
of the eight conditions being randomized along with an appropriate control situation in 
which the inclined line was omitted. One set of judgements was made by each subject in 
each condition, A typical stimulus situation used in this experiment is illustrated in 
igure 2 in which the distortion-gradient induced by a single oblique line inclined at an 


angle of 22-5 degrees to the vertical may be seen. 
FIGURE 2 


The distortion-gradient induced by a single oblique line. 


Results 
TABLE III 7 
-GRADIENT 
ESTIMATES OF THE INFLUENCE OF INCLINED LINES UPON THE DISTORTION: 
z ain ETX ; 
Oblique line inclined to left (A Oblique line inclined to rigi N : tie, 
22°5° 30° 375° 45° 225° 30° 37'5 45 < l L 
Line No. | R [ox | X |53| 2 EIE CEJL gloa | x |e |3 | J 
a la era erg | 0-09 
: 22 lors | 1'4 [o 13 | rI |03 rI |o-r3 23 |021 | T4 ors | 14 |015 r3 [013 o 
rA r co |018 | 2°2 |024 rg |019 +o'r2| 010 
3 22 “ +18 | r6 o16 | 17 [ozs gr [ogo | 29 
=e n es r: +024) our 
¥ r -4 |023 | 26 |029 a2 |024 
4 s j E 0°23 | 2'2 |022 3:5 |033 | 74 
5 |028 | 2'6 |024 23 | i 
4 27 leat 45 [oat 33 logs | 30 [ost | Toe ors 


in direction to that 
s replaced by 
rtion. differs 
ch oblique 


rked distortion, similar r 
ventional Ponzo figure i: 
e extent of this disto 
rent in relation to ea 


to consider the 


The results of this experiment show thata ma 
Observed previously appears when the angle of the oe 
a single oblique. Each of the mean values indicating = 
R gnificantly from zero and the trend of distortion is apP' 
ne used. aces sai 
Fas interestingly perhaps, the E from the experimen aen ht experiment 
2 i ngular su x i de between 
T of different degrees a wey as to allow direct comparisons ote ae see 
t een reorganized in Su ing to the distortions induced 9y Te 
Hee In Table IV the me yhich the ae ina as 
es have been juxtaposed. s of Stu 
of the two lines “together yield the appropri anglo; abilities of occurrence of these on 
Statistic ¢ have been calculated in each cas ae these may be 
on relevant null-h pothesis have: beet geten gula distortion js the sum of the two 
interpreted as a else indication that each an pier 
individual distortions induced by the presence © 
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TABLE IV 
COMPARISON OF THE EXTENTS OF DISTORTION BETWEEN ANGLES AND INCLINED LINES 


Context Context 


Eom 45° Angle 2 X 22:5° Lines °60 Angle 2 X 30° Lines 

No. z öz x 8x t R t £ 
2 49 0°38 45 0°37 085 >o-25 28 0°52 0:25 
3 63 043 6r 0°53 029 | >025 EZS ) Pease 
4 76 0°53 70 | 060 o8r | >o-25 048 | 20°25 
5 9s 0-64 87 o71 094 | >o-25 a5 | >25 


Context 
3 -i 
Tahe 75° Angle 2 X 37'5° Lines 90° Angle 2 x 45° Lines 
No. x 8x x 8x t ~ R Bk R 3k t $ 
2 24 023 | 24 028 | org | do25] z4 024 = 046 | 0°09 z035 
“6: - = Pe 0'25 
3 37 062 | 38 o40 | org | >025| 37 mas | 6 oz | o20 | 7° 
$ zd SAS) || AS 253: | © ozs | #5 ogo | g4 046 | 0°25 ge 


n angular context within the framework O 
_ Many theories intended to explain 1 
nt-distortion of angular subtension. 


implicitly, or explicitly, to th i 
figure. Thisilinsin, I e nature and direction of the distortion seen in. jona! 
gure. This illusion resembles a two dimensional proj E i oes typical three-dimensio oe 


icated by convergence, Accordingly, the princ’P an 


s 


d take -ristof (196 
Gregory (1963). Some difficities oo aken up by von Holst (1957), Kristof V195 
Fisher (1968). The results Se TA arising from these proposals have been discu t upo’ 


three-dimensional scenes, any d 
See tented y depth features evoked 


m 
The research reported in this 617 ta 
At; Paper w: EN/9 
the Ministry of Defence. The nih is BADR, Se ed by Grant Bo: ee ol niversity 
of Glasgow and Mr. J. J. Foster wh Mr. N. J. W. Horne 


o assisted in carrying out these experimen ae 


eee 
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BOOK REVIEWS 


Timing in Temporal Tracking. By J. A. Michon. Soesterberg, Netherlands: Institute for 
Perception RVO-TNO, Netherlands. 1967. Pp. 127. 


The author of this monograph uses the term “Temporal tracking” to describe the eee 
nous 


protional to the time elapsed since the moment flecting 2 
i tyi è of storage by an amount reflect! 
constant relative sensitivity (following Weber's law) this Roni give the relationship a 


In Chapter IV the author goes on to exam hich the 


a 2 : ine responses to sequences in W 
interval yi i p E 

s are modulated in various ways, dealing with simple sine functions, CO 
and random input. 


: ad ion changes in input it is necessary to introduce 
co k ae 1s essentially constant for any given subject and B, which is a 
‘ 8e length of interval and which has the consequence of making the syste™ 


jon of 


non- 


considers whether his results gi the not 
ib give any support to 
moment” of relatively fixed duration. P he results ending 
quences show some evidence for periodicity in respo 


“ects 
ich subj ise 


to greater variability i 
a y in key t 
The final i i 
mented Baa FORTRAN aes an sipemation Processing model of the time sen ostiga 
Sava, Wane wee Hak = m which should provide a useful basis for further IDV". hi 


f 1 
introductory chapter for key La reserve about the enthusiasm shown by Michon ny all 


in, SE 
k simt, 
auditory localization (b) the perception or choo 

n of true temporal order. However," 4ion 


king and his analysis of input- 


. 
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and Michael I. Posner. Belmont, California: 
a 3 at 
n Psychology. The series is 


Human Performance. By Paul M. Fitts 
a Publishing Co. 1967. Pp. x + 162 
Pn ak ag end = pae of a series called Basic Concepts i 

appearing as separate a a beginning textbook in psychology, with individual chi 
eitten by different a = umes rather than under a single cover. Different vol eee 
BERRIES nice uthors, drawn so far from the University of Michigan, d ete 
s have either appeared or will do so shortly. Teachers A 


find a ‘series worth watching. 

ee ace cara the late Paul Fitts and completed by M 
described as pa much needed, introduction to an important area of study which i 
e an Be The study of human performance, a branch of experime tal 
, yses the processes involved in skilled performance, studies the d Je 
ntify factors which limit different aspects of ET 


m 7 
Ta a and attempts to ide 
k: A 
analyse complex tasks into their simpler components and to establish quantita- 
n each of the basic functions. In this way, it Hia 


tiv i 
E man’s abilities i 
heme: ictions about man’s capability in performing com: lex skills.” i 
skilled ee out by seven main chapters which deal eE Forai. AET 
ties, A ERE skill learning, effects of motivation, component processes and canai 
carefully lu emant of skills, perceptual-motor skills, and language skills. The writing is 
cae xs a nice balance is held between general theoretical issues and particular 
pretence a indings, and the bibliography and index are useful. The volume makes no 
Redline ~~ exhaustive but, considering its size and price, it presents a surprising 
coherent mal on human performance: more important, it welds this material into a 
f eee of a kind which is not compactly available elsewhere. In brief, it succeeds 
ramifies uen an area of study which has progressed much in recent years and which 
explicitly i ely into all other areas of psychological enquiry. However, the book’s 
y introductory ¢ t lull students into supposing that it can be read 
book with beginning 


wi 
thout effort, and entirely 0 
demonstrations, 


fichael Posner, this volume isa 


haracter should no 
n its own. 


tial features could not be appreciated. The experiences of these 

intellect ) discredit the book—T they indicate the genuine 

anton ual challenge of its content. Since this book deserves many readers, particularly 

ane undergraduates, 1 for those readers to know that some background 

ner nce is necessary if they are to i d its value is considerable 

core t eit provides undergraduate courses on skilled perfort 
ext which has long been wanting. 


Ci 
ould comprehend the parts: th 


mance with exac 
I. M. L. HUNTER. 


H 

uman Memory. By Jack A- Adams. New York: McGraw Hill. 1967- Pp. ix + 326. 

al data and the theories of contemporary 
itstanding by 


$9.50. 
This book attempts to present the empiric 
jn memory, and, as such, it is adequate, although not ou 
] and free recall, short-term and long-term 
It is extremely 


A mag It covers verbal interference, seria rec 
read: ory, recall of verbal and motor responses, and recognition memory. 
able, assumes little previous knowledge of the subject, and is reasonably up to date. 
ie My main criticism of the pook is that Adams does not emphasize the need to make 
Peace assumptions about the underlying involved jn memory. It is desirable 
tio nake explicit assumptions about how the underlying processes (e.g. acquisition, reten- 
n, retrieval and decision) jnteract to produce d response, before any Con- 
ponse he underlying processes. 
the retention process). 


the observed res 
nfer “strength” 
hether or not there is 


clusions are drawn from 
ormally, experimenters desire to i f 
nsiders (P- 28) that there is no way of testing W! 
ingi dinan interference situation. However, 
it seems to me thatitis 


or instance, Adams co 


a change in strength when forge 
en a set of assumptions relating “strength” to observed response, 
of Adams's objections to Brown’s decay theory 
ing to the strength of an item, and did 
val and decision. 


Possible in principle. Similarly, many 
sts that Brown was 0} 


disappear if one sugge 
deny the existence of interference 10 


nly refert 


other processes, like retrie 
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Adams does consider the problem of measuring strength in Chapter 5, and advocates 4 
latency index of strength, on the grounds that “latency is an established measure © 
strength” (p. 142). This is just not true. Adams's final chapter is interesting, as he con- 
siders omission and error-rejection behaviour in recall, but, instead of making the obvious 
inference that these phenomena reflect the action of a decision process, he postulates a 
“response recognition” mechanism. Not surprisingly, the most notable theorists omitt 
from this book are the only memory workers who do make the explicit assumptions men- 
tioned above—the mathematical learning theorists and the Norman-Wickelgren school. 
Equally predictably, the main issue omitted from this book is one dear to both camps— 
whether the memory trace is continuous or discrete. 

Apart from this major criticism, I have other minor criticisms of the book. For 
instance, I feel that Adams expends a disproportionate amount of space describing two 
recent experiments of his own on natural language mediation. Also, Adams piven 
Peterson and Peterson the credit for short-term memory research, whereas Broadben 
(not mentioned in this connection) was just as influential. Furthermore, I thought that 
Adams should have considered objections to the STM/LTM duality, in view of the small 
amount of psychological evidence in its favour, Also, he speculates that recognition an! 
recall involve different traces, and ignores the possibility that they might involve different 
retrieval mechanisms. Finally, Adams concludes that the directions memory researc! 
should take in the future should be towards studying mechanisms of forgetting, com” 
partments of memory, and whether memory is permanent. It seems to me that, instead C 
taking these directions from the past, memory researchers in the future should first of @ 
consider how to separate the Processes involved in memory. 


D. P. FARRINGTON: 


Biological Foundations of Language. on 


By Eric H. Lenneberg. With Appendices by N 


mo and Otto Marx. New York and London: Wiley. 1967. Pp. xvi + 432) 
This is a real book, not a compilati i i Atal 
events, it brings together a great al m ue Sen be aed ae ge an 


A ific 
e d to do is to view language as a species-sp°os 
deniably “learned,” is at the same time—and in aT 
Language, he believes, is based on U 


. P t ” 
wise specific to man, and which are though ar 


opment (i.e. within a “critical period”), at aage 
on as a releaser of the “developmental lang han 
role of environment is regarded as little more 


ji mey 
maturation. If Dr Lenneberg is right, Dogbert,ding 


whole well-written, apart f 

ment” and “evolvement. 

a Faanced students and discussion awe earning 
; : = Tgument about the mechani of language p00 

and their neurological fi ; j ae mechanisms Í e 

ey urological foundations. In this reviewer’s opinion, it isa very impress! 
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Dr. Chomsky contributes an + 

y ni Appendix on the formal nature of language, though 
relation to what comes before strikes one as somewha enuous. ere 1S also a SECO 
its relat: hat ti O There is alsı nd 


Appendix 
i rae by Ta Otto Marx, on the history of the biological basis of language. In thi 
inds us of the alleged experiment carried out by King Psanneticos of Egypt 
It is said that he had two children 


in tl 
B ee B.c., as related by Herodotus. 
larei cs s who were forbidden to speak to them for two years in order t 
Paine would develop. Although Dr. Marx does not tell us SO, ae plete 
e actually said to have produced was the Phrygian name for bread! Ma 
O. L. ZANGWILL. 


The Genesi 
s of Language: A Psycholinguistic Approach Edited by Fr i 
I ; j r, i ank S: 
G. A. Miller. Cambridge, Massachusetts and London: The LLT. Press. ae 


400. £4. 
This volume is tk 
s sual the outcome of a conf 
ponsored by the National Institute of C 


erence on the development of language in chi 
E e of Hl se e hild Health and Human DA, ANE 
D. I Stubs ae <almus and Denis Fry, all the participants were American, and included 
Tenis avid McNeill, J. A. Fodor, Ira Hirsch, Eric Lenneberg, R. A. Chase, J. J. 
Sonets and the late Ruth Weir. The proceedings follow the usual pattern of such 
very Soe though itisa relief to find that a good deal of the general discussion has been 
the ey edited. Topics range from developmental psycholinguistics to a paper with 
A Dendi itle of “Preparations for discussing Behaviourism with chimpanzee.” There is an 
pendix consisting of abstracts of some Soviet studies of language development in 


children. 

T a far as this reviewer is concerned, these papers are pretty specialized and several are 

in tha, dull. Butit is good to see psychologists getting together with linguists and others 
e hope of evolving really appropriate concepts and ‘methods for the study of children’s 


language. 
O. L. ZANGWILL. 
A err : 5 
cquisition du Langage et Développement de la Pensée. By H. Sinclair-de Zwart. Paris: 
Dunod. 1967. Pp. vi-+ 168. 235: 
rts to seek a rapprochment 


me volume under review is one of the first major effo ek a ra 
ween the ‘“mentalistic” psychology of Piaget and the “mentalistic” linguistics of 
Bape ‘As such it merits the careful attention of researchers in cognitive development 
pa psycholinguistics. The investigat tion of conservation and 
nenon skills in a group of Genevan children between the ag four and eight. Supple- 
Še ntary results are given for a group of severely retarded children (aged 8 to 16), a group of 
nile dements, and a group of normal English-speaking children. In all cases, the data 

r was compared with their ability to use 

timate chapter investigates 


& 5 

Oncerning the subjects’ operation f $ ; 

ure phrases appropriately. he ey. a 
on behavi ur. 


relevant descriptive meas The 
e rôle of imagery and drawing skills in eliciting seriati 

quite Jausible. Thus the author finds support for 

d “thoughtful” behaviour are 


st Most of the general conclusions seem 
ch assertions as: (a) The development of both language an 0 
determined by underlying °° itive skills and hence are (on some level) functionally 

n competence and “realiza- 


depend: i i 
i ent bly, to variables in 1 r 
Na kills serves to direct attention towards 
Televant task dimensions in concept-utilisation situations. ak 
However, the “tough minded” validation of such simple and reasonable propositions as 
: the author seems to have 
assumed that ild’. i f “parole” is sufficient to 
the child’s a) propriate use of “paro 1 F y 
e semantic structure of The child and t Experimental evidence for 
Putative linguisti heck such experimentation are now 
uistic desc > 
“coming available, e.g. Ross and Bierwisch.) ) d theoretically by a 
lack of concern for specifying ‘ple for transitions 
t is clearly essenti velopmental psychology should, 
at very least, li 
te th z 
carpin; ORD Ai cally valuable contribu- 
SRDE Tor i DE Sincer dge between the Piagetian tradition 
holinguistics. 
Joun C. MARSHALL. 


tion”), (b) The semantic component of linguistic s 
ese raise hodological roblems. For example, 
Ses very Saa met ems imply identity between 
e. 
his implication would greatly strengthen _ (It should be mentioned that 
The volum 
: i between cognitive 
€vels. Toi 
LE ke enon of development. It would be unfair, though, to end ona 
t i poth an intrinsi 
ion to the experimental literature 


and recent Anglo-Saxon work on developmental psyc 
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Principles and Methods of Social Psychology. By E. P. Hollander. London and New 
York: Oxford University Press. 1967. Pp. xxiii + 520. 64s. 
Current Perspectives in Social Psychology. Second Edition. Edited by E. P. Hollander 
and R. G. Hunt. London and New York: Oxford University Press. 1967- 
Pp. vii + 685. 40s. (paper). = 
Although literary twins do not usually appear in the annual demographic statistics, it 1s 
clear that the number of pairs of books born together of the same parents is on the increase. 
The fraternal twins from Hollander and Hunt are part of this increase. Both members 0 
the pair are physically well-endowed and of very attractive appearance, and it may appeat 
inhumane to recommend that they be separated from birth. This does however seem to 
the best policy: they should be reared apart in quite separate environments. 
It is apparent from the Preface of the two books that they are intended for different sets 
of readers, and it is difficult to envisage much overlap between these sets. Principles a^ 
Methods is avowedly introductory, whereas Current Perspectives is a book of contemporary 
readings from the primary research literature. Although there might be a need for each 
type of book, these volumes cannot readily be used together. ‘al 
Consider first the text by Hollander himself. This covers well the field of socia 
psychology and makes desirable excursions into neighbouring regions of history, sociology, 
personality theory and organization studies. The area dealt with is splendidly broad, p 7 
to tackle all this material in an introductory text is manifestly difficult. The emphasis 15 
on stating the principles which have been evolved, and on supporting these with only 
selected evidence. Since many of the principles are rather low-level ones, the reader muf 
ieman cr bea os some dissatisfaction. f In 
us we have to make do with very sketchy treatme i of topics: 
many places the accounts are just too, AERE 8 pope ae ee m4 lead a 
introductory student” to pursue his studies further. Possibly the introductory studh 
ee plans yk get beyond an introduction may benefit, but hopefully there are not ma 
Seales ae ois any case a paradoxical aspect of introductory comments that t qer’s 
ly after the reader is well past a beginning level. So although Hollan‘ jn 
comments are in the main sensible and to the point, the trul: ‘introductory reader will} 
a pto ahy not be aware of the point anyway , the truly introductory a 
ER igen te miproves as one moves through it. Quite naturally it Pe 
in small groups—a research area h enriched by the au i 
own work—and these sections m fi PERETE, st othe 
ay profitably be read by all students. But MOS’ ous 


areas receive inadequate attention, and to i e 

i 2 bee » a understand a a the trem 
quantity of research into attitudes, personality and ie mo ei ie aa one shou 
preferably turn elsewhere. pashli al Psy: 


d 
mene paren Perspectives itself. This is the second edition of Hollander and 
ook of readings, and is at a quite different level from that of Princip E 


: sch I jons 
ees eon is larger than the 1963 version—containing 65 selecti the 
T A udes more than 20 contributions which have appeared cs 


in 
; ourses? 
British universities. It i 
purchase, and the articles are judici ggests that it may be recommended for " which 


ji a The book is organized i tions, eac jons 
wr ea Se ee enictiont by the editors. TS and the sle 1 
arin bles: Hos DECAS = Lar psychology necessarily involves cultura an and 


pay off handsomely. 


The Use of Lateral Thinkir 
18s. 


Mr. de Bono believes that ordina: 
of thought (or “lateral thinking’’) 


1g. By Edward de Bono. London: Cape. 1967- 


agin alitY, 
ty methods of education restrict and inhibit : E ay? of 
, and his object is to suggest and to illustra e 
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sed. He does not discuss recent studies of 
ear to Pelmanism as to academic psychology. 
ll as its drawbacks. Mr. de Bono is always 
ell as facilitating it. 

ALAN GAULD. 


breaking free from the bonds thus impo 
A cena and his book is perhaps as n 
T er this may have its advantages as we 

, and what he has to say may provoke thought as wi 


“ n 
Instinct” and “Intelligence”: The Science of Behaviour in Animals and Man. By S. A 
Barnett. London: Macgibbon & Kee. 1967- Pp. xiv + 250. 458- i 
a a com lag tr ig book could be useful to undergraduates; although not as useful as the 
Gael Bae rst book A Study in Behaviour which is more coherent and discursive. It is 
kande 7 written for a younger audience [e.g. on p. 4° the number 10° is translated as one 
ary thousand], and, in most cases, technical terms are introduced smoothly. How- 
Sa i here are occasions when Barnett overreaches himself. Thus on p. 21 he quotes from 
positi eumann’s last lecture-notes, On memory, “We are as ignorant of its nature and 
ition as were the Greeks, who suspected the location of the mind in the diaphragm.” 


Mi i aps 7 
wee eight pages further on we see: “This is the cerebral cortex. It is here that the most 
mplex patterns of behaviour are organized, a! s which we call ‘learning’ 


ring: nd that the change: 
principally take place.” This is not to impugn the quality of Barnett’s thought, but it is 
seen memory an behaviour as a result 


oe Sort of issue (the relation betw d adaptive change in 
experience) that merits a clearer 
a There are 16 good photographs, and many of the diagrams are very clear (although the 
5 eee of brains are not as good as those in Romer). There are also many excellently 
ee sentences, e.g. “The male stickleback continues to guard the young when they have 
th ched. This entails suppressing any tendency to attack and eat them.” However, 
dang is a queer discussion of “nature and nurture” in which an example is taken from the 
Bs aptive aspect of bee-dancing rather than from a developmental problem. There are also 
nany oversimplifications : ablation-studies and machine simulation in particular, and some 
are cee aisieading, e.6%, “usment es expected that electrifying the brain would 


Cause severe pain... .” It might not. 3 Tr ee 
There is much good writing though: especially on herding and social interaction, insect 
Aa behaviour, and the brain (although he gives @ cavalier treatment of the limbic system). 
ae book concentrates on the natural history covered eee aan ee 
rather than cise and artificial topics which we would consider un er 
a on the ee pre ity,” etc. That this is somewhat old-fashioned 


‘habituation, ” “ ty we A 

i ation ty,” “S-Rs ecific 5 

Moa bess E n the ttle. We are given the clue in the preface where the 
ot experimental and 


a licata by the parentheses i 
ience of animal behaviour is considered to be ethology tout court, not e t 
pp baretve psychology- hat may well be so; but then the book’s subtitle The Science of 
ehaviour i i Jan is misleading. 
ur in Animals and Man 1S mis! 1g e, and apparently isto 
ion are expounded as 


tigation by experiment is a princ 
is c I c ? 
ory is obvious if one 


b a aay inves a eR A 

ysiological in the main. and the pro! 
revealing the twi ts of behaviour. The emphasis on natural hist ) 
compares the PERE diseased under “exploration” in the two books. The second contains 
Much less stimulating argument: the topic is not so obviously debatable. This is a general 
ork on blue- 


als, Stokes’ wi 
tions controls, 
tion in Euplotes. There should 

assive beholder 


fault i 
in the book. é pr oblem—crowding in anim 
i is true when he men 


_ Where Barnett does 
Loa ae he is admirably cleat ane i Bec Sais 
g. in direction of migration in starlings, 4 
ee more of this; to Citas lively thought, to maks the aiin E voni Des 
the wonderful diversity of nature eile NorMAN FREEMAN. 
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s applied to a bisensory situation where 


differe 

nt messages were simultaneously presented to the visual and auditory m 
shadowed the visual modality; Group IT 

s a control, shadowing neither modality. 

of the shadowed modality, parti- 


It a 
minimal if peramie apparent that visual recal 
ot near an incidental level and that a true bisensory situation with equal 


İvisio; : 
n of attention between the two moda 


INTRODUCTION 
with the effect of shadowing on bisensory 


timulation refers to the simultaneous 
sory modalities: in this case, the auditory 


lization-at-presentation is the repeating 
ality immediately as they occur. 
ly with verbal 
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Mea. ge experiment is concerned 
Presentation, stimulation. Bisensory S 
and visual nat different messages to two sen 
out loud oe Shadowing or voca 
Not a the items on one channel or mod ; 

Materials m has been done with bisensory stimulation—particular : 
Material is owever, it is known that under bisensory conditions more auditory 
is manipul retained than visual material. In addition, when rate of presentation 
at is meee the two modalities seem to operate independently of each other; 
Modalit he visual and auditory curves are similar to those obtained when each 
y is stimulated separately; the typical auditory decay function 1s obtained 

decreasing rate. 


With : 
decreasing or slowing rate whereas visual recall increases with dec 
was the effect that shadowing would have 

limited visual 


in bead cigs interest of the present study I 
recall a visual results. Initially in an attempt to explain the ed vi 
Tead-o attention was given to the role 0 A ocessing time, 
o flew time, etc. However, the conditions t tion were such as 
for o. clude the use of such an explanation. That is, stimulus items were exposed 

Oe sec., more than enough time for accurate processing. 
€ of the more plausible explanations of visual recall an 
th the nature 


betw A 
Bu itory visual and auditory recall concerns itself wi t l 
ry and visual stimuli are thought to be transformed into auditory subvocal- 


lizati 
Gens (Broadbent, 1963; Sperling: 1960; Wickelgren, 1965). Thus there is a 
astest ion factor that probably serves to retard visual recall particularly at the 
Subyo, rates. That is, auditory material when subvocalized is auditory—the 
‘Stal alization or rehearsal is in the same modality as the stimulus presentation. 
material when subyocalized must be transformed or translated into auditory 
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materials. However, as the interval between successive visual items increases there 
is an increased opportunity, which approaches the auditory level, to translate and 
rehearse the visual materials. It is also probable that auditory material is processed 
first so that when visual material is finally attended to and subvocalized, this may be 
done from a fading trace. k 

It was therefore thought that shadowing the visual items might provide a “simul- 
taneous” translation of the visual material and possibly equate auditory and visual 
scores and result in similar functions with respect to rate of presentation. ; 

In the present experiment a combination of variables previously studied in single 
stimulation and dichotic stimulation experiments were employed in a bisensory 
situation where the subject was instructed to shadow one of the two simultaneous 
messages. The variables of interest were: (1) over-all difference in the visual and 
auditory modalities; (2) rates of presentation of materials; (3) order of recall for a 
modality, either first or second; (4) type of material, number or letter, and combina- 


tions of materials in the two sensory channels; and (5) shadowing the message 0n one 
of the channels. 


METHOD 


Apparatus. Materials were presented on 16 mm. film (24 frames/sec.) with synchronous 
sound track by means of a Kalart projector. The exact auditory sequences intende 
for pairing with the appropriate visual sequences were recorded in a sound studio by ae 
experimenter ; precise control of synchrony was accomplished by splicing the auditory 
tape. That is, speech recordings were spliced in to the film so that each utterance of a 


stimulus item commenced within the first half frame of its associated visual stimulus 
(+21 msec.). 


letters exposed singly 0? er 
ed and appropriately edited. The con list 
per cent. The interstimulus and eS 
nsisted of clear leader which was slightly 


The play 


List preparation and presentation. Th ane 
: . e first 10 lett p A throne i 
were employed as were the digits o through 9. These he eos as pilot stud 


measuring tachistoscopic thresholds of t indi hat each 
item was recognized with equal facility he 26 letters of the alphabet indicated t 


In the bisensory situation eac 
required in order to produce 2 


à : = ” ere 
h list contained ‘Six items. Altogether 48 ee tnree 


numbers: 
Pidalities: 


univ 
esented for 0:5 sec. (12 frames): the durations of the eer J 
Materials were presented at three imu us 
(fast); (2) 1 pr./sec., 0-5 sec. interstil E 


s i ` 3 T was © 
, I°5 sec. interstimulus interval (slow). There Y 


interval (medium); (3) I pr./2 sec. 
pefore the 


20 sec. interlist interval, wi r L 
rof AN. » with 15 sec. for recall and a ready signal given 0+5 Sec. 


Subjects. Forty-five undergraduate equire” 

7 te psychology student: isfying a course T s 

ment served as subjects. Each subject was ass ened E En s hadowing gro Fa 
(shadow auditory [SA], shadow visual Š he 


S E : wait 
appearance; there were 15 subjects in puis eg no shadowing [NS]) in orde 
Administration. The experiment was : rojecto" 

i - r zas performed m. The P al 
shor s rear and projected an image on the front san. NEE were given a 
short-term memory instructions, with emphasi i : f correc 
order of items in written response. phasis placed on the necessity 0 told 


In addition, those subjects in Group SV Wer 
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that they were to shadow, i.e. repeat out loud, each visual item as it appeared. Subjects 
in group SA were instructed to repeat out loud each auditory item as it appeared. The 
experimenter checked whether the items were repeated correctly. Only one subject 
in the shadow visual condition shadowed incorrectly and was discarded. Group NS 
received no additional instructions. The same lists were used for the three groups. The 
order of presentation of the rate variable was partially counterbalanced, in Latin-square 
manner. Separate films, each duplicated from the original, were used for each order of 
rate presentation. On the films the word “auditory” or “visual,” indicating the pre- 
scribed order of report was spoken immediately after the presentation of the last item 
in the list; half of the lists were preceded or followed by “auditory” and half by “visual” 
In a pre-arranged random order. 

Each subject was given answer sheets in booklet form—each page represented one 
rate—with space provided for each response; auditory items were on one half of the page, 
visual items on the other half. Half of the subjects received answer sheets with visual 
on the right side, auditory on the left, the other half, the reverse order. 


RESULTS 


_ Item analysis. The data for each subject on each string or each sequence of six 
items were scored according to the accuracy of responses both in nature and location, 
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i.e. on an item-by-item basis, permitting individual scores to take on values ee 
o to 6. The average scores for each of the 48 tasks are shown in Figure I. y 
are expressed as percentages. 


. . . . in 
The mean performances associated with each stimulus dimension are Sieen m 
Table I where the significance tests appropriate to each dimension are indicated. 


TABLE I 


j j ENSORY 
MEANS AND (STANDARD DEVIATIONS) ASSOCIATED WITH EACH DIMENSION OF BISEN 
STIMULATION (MAXIMUM SCORE = 6) 


| a. £ 
87 (0°57) | Lett (0-50) 4 ee 
d jal Numbers: 2°87 (0°57) etters: 2°14 (0°50) 4 0°005 
Modality Auditory: 3°09 (1-12) | Visual: 1-91 (0°65) 44 ooo 
Order First: 2°97 (0:70) | Second: 265 (0-47) . 44 
Shadowing No Shadowing Shadowing oor 
Shadowing: 2-72 (0-30) Auditory: 2°65 (0-41) | Visual: 2°12 (0-47) 2°42 ns. 
Rate ‘ast: 2°43 (0°57) | Medium: 254 (0-65) | Slow: 2°52 (050) 2:88 


" p " esumed 
*A fixed effects model is assumed for this analysis and succeeding analyses in which the individual stimulus items are Pr 
to have equal difficulty. It remains possible, however, 


l eatments 
5 , that some of the variance associated with experimental nent high 
ought properly to be assigned to the Stimulus strings themselves, In this case all errors would be inflated and the P? 
significance levels would be somewhat diminished, 


These were related sample ¢-tests for the dimensions of 
a one-way analysis of variance for shad 
variance for rate of presentation (Winer, 
in four of the five dimensions had a signi 
numbers are retained better than lett 
visual material; more items are retain 
the channel reported second; recall is 
groups than it is for the shadow. 
significant. This is understanda 
rate interaction: decreasing au 


modality, order and material; 
owing; and a within one-way analysis os 
1962, p. 112). It is observed that diet : 
ficant effect on the number of items fae es 
ers; more auditory material is retained from 
ed from the channel reported first than ow 
better for the shadow-auditory and no-sha ao 
-visual group. The rate variable, however, 15 by 
ble from the nature of the significant modal H de- 
i ditory recall and increasing visual recall with 
creasing rate—thus cancelling the rate effect. ng 
The data were next examined for the purpose of determining interactions ee 
the stimulus dimensions, The possibility was considered of performing 4 ce 
dimensional analysis-of-variance but the idea was dismissed. In the first ears 
it was certain that higher order interactions would emerge from any idiosync on 
features of any of the 48 strings, since each of them represented a unique combina 
of the materials, tate, modality, and order dimensions. ion bY 
Therefore each dimension was intercompared with every other dimension nt: 
means of two-way analyses of variance. Five interactions proved to be significa e 
shadowing by rate (b<o-01; d.f. = 48, 4): in the NS groups recall was best > 
fast rate whereas in the 


$ SV group recall was best at the slowest rate; shadiowite as 
modality (p<o-or; d.f. 


a SA 
88): 

rate a 

tsely, were best at the slowest rate; modality, 


rly than 
: although letters were retrieved more poo j 


; as much greater in the auditory channel than it a 
the visual channel; modality by order (P<o-or: d.f. = 1, 44): while strings se 
econd, the disparity was much greater 
ory channel, 
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Further, the data for each modality-materials combination were then examined 
in terms of the context in which they occurred. Posed as a question, did the nature 
of the material occurring simultaneously in the other channel affect the success with 
which items were reported? Since a significant interaction was obtained between 
modality and material, the question was examined separately for each modality- 
material combination. The mean recall scores for like and unlike accompaniments 
are presented in Table II. For three of the combinations, related-sample t-tests 
indicate that performance is independent of the nature of the material in the other 
channel. For visual letters, however, a significant disparity obtains. Thus, the 
retrieval of visual letters appears to be suppressed by the concurrent presentation 
of letters in the auditory channel. 


TABLE II 
MEAN CONTENT RESPONSES AND (STANDARD DEVIATIONS) FOR THE ITEM ANALYSIS 
(d.f. = 44) 
ree a ee E 
Accompaniment 
Modality-Material Like Unlike t b 
Dor nbers-Auditory 41) (1-37) <1 = 


umbers-Visual. . 


3°54 ( 
etters-Auditory , 2°46 ( 
2:22 ( 
etters-Visual I-51 ( 


DISCUSSION 


General effects. Some of the variables studied produced effects in bisensory 
memory similar to those recorded for them in the existing literature on unisensory 
memory and other investigations of bisensory memory and many of the effects 
obtained are self-explanatory. 

For example, it was not unexpected that the channel reported first should be 
the channel recalled best simply because it is first out, and therefore not subject to 
lengthy storage demands. 

here were also material differences which were not without a precedent. Thus, 
While the letters variable was defined by Io items these 10 items were part ofa poten- 
tially larger response set consisting of all 26 letters of the alphabet. There is no 
assurance that instructions restricting the stimulus set served to adequately restrict 
Subjects’ response set (Garner, 1962). By contrast, the 10 digits defined both the 
Stimulus and response set. Therefore, it is not surprising that numbers prove 
Considerably easier to recall than did letters under any condition of short-term 
memory, 

On the other hand, there were variables that yielded results which were unexpected 
on the basis of the existing literature. For example, it was demonstrated that the 
material in one channel generally did not influence recall in the other channel; 
material combinations were irrelevant in determining recall. This, of course, is 
Not in keeping with retroactive and proactive interference data. 

Modality, vate, and shadowing. The most relevant results in terms of the immediate 


pong of this study were the modality, rate, and shadowing effects to be discussed 
n turn, 
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The modality effect cannot be considered independently of rate of p 
Bisensorily, both modalitites displayed curves predictable from data o S ae 
each modality when it was explored independently of the other modality. a 
results yielded a decay function with decreasing rate; visual results yie A 
increasing function. Thus the integrity of the modality-rate was maintaine 
when both modalities were stimulated simultaneously. 


It was previously found (Dornbush, 1966, 1967) bisensorily and unisensorily thet 
the visual function increased with respect to decreasing rate of Sahay ma fe 
was suggested that this was so possibly because of the temporal delay invo. E 
transforming visual items into auditory subvocalizations. That is, with ne ps 
intervals between successive items, there is increased opportunity to translate hey 
rehearse visual materials. If this were the case, then there might be one Wing 
store—an auditory store. Ifin fact this translation or transformation were impe wee 
recall, then providing as “simultaneous” or “immediate” vocalization or omer 
formation as possible might alter the type of visual function obtained so that it perhap" 


: i i- 
approximated the auditory function. This thought formed the basis of this exper 
ment. 


However, the results of the present experiment indicate that immediate w 
ization via shadowing of a modality did not alter the visual function in the mee s 
situation. Indeed, recall still increased wi 
while visual input no doubt enters an a 
1963) it is not untenable to assume th 


th a decrease in presentation rate. ling, 
uditory store (Conrad, 1962, 1964; Sper the 
at it is a store somewhat different ee fn 
store to which items that are initially auditory terminate. Such a suggestion * 


k fic. 
line with Margrain’s (1967) statement that short-term storage is modality-spe®" 
Specifically, she suggests “that th 


visual material and one for audito 
the retention of earlier material 
type” (p. 113). She further states 


eously presented material even PA s 
auditory and visual material is unsupP equa 
tom the shadowing procedure is ee 
ry and visual modality is in fact not a oy 
Ty little difference in recall in the no- jmum 
i hmodalities. Obviously, then, near ma inary 
attention must be given the auditory modality under the no-shadow oF OF 


‘Gg 
: Pe 4 p e vis 
e time minimum attention given to th 


the 
-shadow condi ger 


r tion as recall in this modality is not less U? 
shadow-auditory condition. 

Thus it must be concluded that in the ordinary bisensory simultaneous © 
attention, to the visual modality is near minimum while auditory attention a oe 
That is, it is thought that the amount recalled visually is almost incidenta 
task. 


dition 
xima 
the 


The increase in visual reten 


. owing 
l S tion in the SV group can be due either to (x) shad 
forcing attention to materials 


jon of visu? 
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d transitions between New responses where Lao a 
he relative reaction-times for these three class 


PRA ili a 
A ariations allow some comment on the utility of oe 
models for serial and parallel stimulus analysis as explanatory constructs for the repeti 


INTRODUCTION 


; jgnal, 
tasks human subjects respond faster if a given aig 
mmediately repeated than if they have to identify & oe 
Hyman, 1953). This has become known as 
965). ES, 
erved when subjects make successive, differe 


t 
y uccessive, different signals (Rabbitt, 1965): ved 
is therefore likely that two sets of factors contribute to the “repetition effect” obser 


question how the Pp 
overall repetition-effect can be esti 

A test case is 
of one set of sig 


bers 
akes the same response to all mem 
In such a task t 


à sets. 
nses to signals in other arbitrary 
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1959). In most pr 
Leonard, Newman 


ar A upon repetition-effects have been confounded because act- 
repetition of a signal has always entailed the repetition of a particular motor 
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(1965) who compared RTs for ik in 
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serial self-paced task, 
and labelled as follows: 


q 
i 
q 


SIGNAL CLASSIFICATION STRATEGIES IN CHOICE RT 233 


is followed by a different signal to which a new response must be made. Bertelson 
found that four practised subjects gave longer RTs for New transitions than for 
Equivalent or Identical transitions. For two of these subjects RTs for Equivalent 
transitions were slightly longer than for Identical transitions, while for the remaining 
two subjects Equivalent transition RTs were equal to Identical transition RTs. 
Unfortunately it is not possible to derive a general model for signal-and-response 
repetition effects from Bertelson’s results since he sampled a single level of signal 
and response entropy at a single point in practice. Previous work had suggested 
that the effect of signal and response entropy interact multiplicatively to determine 
choice RT (Rabbitt, 1959; Pollack, 1963) and that the nature of this interaction may 
change with practice (Rabbitt, 1962). It seemed that an investigation of variations 
in the proportional contributions of Hs and H; to the total repetition effect at different 
Points in practice might provide a useful tool for testing current models which under- 
take to describe the process of discrimination between classes of signals and the 
Selection of responses to them. An experiment was therefore made to investigate 
the relative changes in RTs for Identical, Equivalent and New transitions, with 


Practice, in fourtasks between which H,and H, were systematically and independently 
varied. 


EXPERIMENT 
Subjects. Forty-five Royal Navy ratings aged from 18 to 27 served as subjects. 


Apparatus and procedure. The experiment was made with a stimulus presentation 
and reaction-timing apparatus (SPARTA). This equipment was programmed with 
punched tape to present sequences of signals (digits) on a “Digitron” G.S.R. 10 J numerical 
display tube. The subject answered each signal in turn by pressing one of eight keys 
which were inset into a desk before him so as to rest conveniently under the four fingers of 
each hand. Within 20 msec. of the closure of a microswitch under any of these keys 
SPARTA presented a new signal on the Digitron tube. SPARTA then punched out on 
5-channel tape the codes which specified the signal presented to the subject, the key he 
Pressed in answer to it and the elapsed time since the last key closure (to within 10 msec.). 

In all conditions an experimental run with SPARTA was a sequence of 301 signals and 
responses in a self-paced mode. In all experimental conditions all subjects experienced 
two such runs on each of five successive weekday mornings. P 

he same ten programmes of signals were used for three conditions of the experiment. 

e consisted of the digits 1 to 8 programmed from tables of random numbers with 

Constraints to ensure that, as far as possible, all 64 transitions between signals occurred 

equally often. A different one of these sequences was used for each of the ten runs 

experienced by each subject. Three separate groups of subjects mapped responses on to 
ese eight signals in the following ways: 


2R/8S condition: 12 subjects responded to any of the digits 1, 2, 3, or 4 by pressing a 
key Inset under their left forefinger, and to any of the digits 5, 6, 7 and 8 by pressing a 
‘ey Inset under their right forefinger. 


4R/8S condition: 11 subjects responded to the digits r and 2 with their left middle 
fingers, to the digits 3 and 4 with their left fore-fingers, to the digits 5 and 6 with their 
Tight fore-fingers and to the digits 7 and 8 with their right middle fingers. 


_ 8R/8S condition: 11 subjects responded to the eight decimal digits using one of their 
eight fingers for each digit. 
he allocation of digits to fingers was in numerical order reading across from left little 
finger (1) to right little finger (8). 
2 en similar programmes of 301 signals were made up so that the digits 1 to 4 occurred 
In random order, with approximately equal numbers of transitions between signals. 
ese Were used to provide a further condition: 


Thes 


2R/4S condition in which subjects responded to digits 1 and 2 with their left fore-fingers 
and to digits 3 and 4 with their right fore-fingers. 
In all these conditions the apparatus never gave the subject any indication whether 
ae of his responses was correct or wrong. The recording of signals and responses never- 
eless allowed the experimenter to detect errors when they were made. 
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RESULTS 
Errors 


ject’ : s and 
A teleprinted record was made of each subject’s output tapes for the ee = 
tenth practice runs in each condition. These records were analysed by eye 


‘ in each 
errors. The percentages of errors made at each level of practice sampled in € 
condition are set out in Table I below. 


TABLE I 


y AND 
MEAN PERCENTAGE OF INCORRECT RESPONSES MADE BY SUBJECTS eee TASKS 
LATE IN PRACTICE on Eacu oF Four SERIAL, SELF-PACED CHOICE-RESPON 


Responses aru ee 
Group 301 to 600 E200, to ti 
2R/4S Two responses, four signals af or 7'2 oe 
2R/8S Two responses, eight signals Ks R 8-4 6 
4R/8S Four responses, eight signals sis “5 6-9 3° 3 
8R/8S Eight responses, eight signals së fa 8-8 3 
Se eee ee 


A separate analysis of variance 
scores over all conditions. D 
second practice run (p < 0-01) 


, error- 
was made at each level of practice on Er the 
ifferences between conditions were significan 
but not on the tenth practice run (p < 0-1). 


Reaction times 


Errors, and the three responses followin 
(Rabbitt, 1966) and so were left 
correct responses were divided 


identical signal and the response to it were Tepeated, Equivalent transitions wh 
signal was followed by another in 


: the same Tesponse class (so that the rep sign 
repeated though the signal was not), and New transitions where neither the 
nor the response was Tepeated. 


Scns p from 
Each subject S mean RT for each of these classes of response was calculated © 
the SPARTA print-out. Means of these means, for each level of practice, Ts for 


out in Table II. To render comparisons between conditions more accurate a 
Identical responses made with the fore-fingers of each hand are set out for comp? 
between conditions, 


ical 
§ each error, were known to be hing 
out of the analyses described below. The rem 


he 
A r ae ere t 
into three classes: Identical transitions Wh here 4 


e was 


rison 


ransition RT < New transition RT (p < 0:01).  *' in 
the 2R/4S, 2R/8S and 4R/8S conditions Identical RT < Equivalent RT ($ < ° 963) 
all cases). However, in marked 
Equivalent transition RT 


ss an 


S 
001): 


o 
nt across conditions (An.o.Va. $ = 
S > 2R/4S ($ < oox in each case). 


t 
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TABLE II 


MEAN RTs FOR THREE CLASSES OF TRANSITIONS BETWEEN SIGNALS AND RESPONSES. 
DATA FROM Four SERIAL, SELF-PACED CHOICE-RESPONSE TASKS AT Two-LEVELS OF 


PRACTICE 

——SSeSeSSeSeSeSeSSSeSSSSSSSeSSSSSSeSeSSeSeSeSeSeseSeseeeeeeeeeeeeeeeeeeeeeese 

Fore-finger 

RTs only. 

Responses Responses Responses 
301 to 600 | 1,201 fo 1,500} 1,201 fo 1,500 

Group Mean| s.d. | Mean| s.d. | Mean| s.d. 

2R/4S New signal/New response 584 219 424 182 


(n = 11) | Equivalent signal/Same response | 567 231 394 126 
Identical signal/Same response 491 184 | 383 142 


2R/8S New signal/New response 608 251 484 197 
(n = 12) | Equivalent signal/Same response | 580 | 237 | 416 159 

Identical signal/Same response 510 | 219 | 377 162 
4R/8S New signal/New response 72 270 | 592 | 20I 


(n = 11) | Equivalent signal/Same response | 720 | 284 | 532 215 
Identical signal/Same response 652 | 247 416 | 22 386 183 


8R/8S New signal/New response 970 | 29I | 770 | 234 
(x = 11) | Identical signal/Same response 693 | 252 | 461 | 209 | 429 | 214 


aaas 


Equivalent transition RTs were also significantly different between conditions 
o p <o-oo1). Again S? gave 4R/8S > 2R/8S > 2R/4S (p < oox in each 
case), 

Identical transitions RTs were significantly different between conditions (An.o.Va. 
pb < oox). S? gave 8R/8S > 4R/8S > 2R/8S (p <o-or). The difference between 
2R/8S and 2R/4S was not significant. 

Tenth practice run. t-tests were again used to analyse differences between transition- 
classes within each condition. In all conditions New RT > Identical RT (p < o-or) 
and (where applicable) New RT > Equivalent RT (p <o-or). In contrast to the 
data for thesecond practice run (where the difference between New RT and Equivalent 
RT was not significant) on the final run in the 2R/4S, 2R/8S and the 4R/8S conditions 
New RT > Equivalent RT (p <o-or). In the 2R/4S and 4R/8S conditions Equiva- 
lent RT > Identical RT (p < 0°05). 

Analysis of Variance and S? were again used to analyse differences between 
conditions within each transition class. New RT was significantly different between 
conditions (p < o-oor and An.o.Va.). S? gave 8R/8S > 4R/8S > 2R/8S or 2R/4S 
(at p < o-or) and New RT 2R/8S > New RT 2R/4S (at p < 0-05). The same 
trend appeared in Equivalent RTs (An.o.Va. $ <o-or). That is, 4R/8S > 2R/8S 
($ <o-or) and 2R/8S > 2R/4S (p < 0°05). 

In contrast to New transition RTs and Equivalent transition RTs, Identical 
transition RTs did not differ significantly between conditions (An.o.Va. p > o'r). 
However, on using Mann-Whitney U tests to compare Identical transition RTs 
between conditions, it emerged that Identical transition RTs in the 8R/8S condition 
were significantly longer than in any other (p < 0:05 to p < o-or two-tailed). N 
other differences between conditions were found (p > 0-2) : s 
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Discussion i T 
The results of these experiments show that the proportions of the overa ap ne 
effect attributable to the repetition of signals and to the repetition of oS ae 
not simply vary with Hs or with Hy, but rather with some complex interaction ae 
these two factors. The nature of this interaction changes sharply with practic aids 
It is fashionable to describe the classification of complex signals in terms of mo ve 
derived from computer programs for character-recognition. Let us renee" ro 
present data in terms of two classes of these models respectively put —. 
Sternberg (1966) and by Neisser (1963; 1964). The main features of the pr 
results, for which any model must account, may be listed as follows: sce 
Identical transition RTs vary with both Hs and Hr on the second a mi 
But by the tenth practice run variations in Hs and H; affect Identical RT voy ange 
(8R/8S) or not at all (2R/4S; 2R/8S; 4R/8S). Any model must explain this a A 
in practice, and also explain why Identical transition RT provides an excepti 
the general rule that RT = {(Hs and H,). into 
Equivalent transition RTs vary sharply with the number of response sets vith 
which the signal ensemble is partitioned (2R/8S vs. 4R/8S) and to a lesser extent te er 
the number of signals in each response set (2R/4S vs. 2R/8S). This is true at 


The magnitude of differences between Ne: 
varies with the level of practice. 


» So that by the tenth practice run E 

within 1r msec. (2R/4S) to 30 msec, (2R/8S) ctice 
Identical transition RTs are differentially altered by pra 

it is obvious that no single “steady state” mo 

Its for the second an 


may 

ween 
or any of the other possible responses es 
have to choose (viz, 2R/8S vs. 4R/8S). To account fon Tep© onse 
effects Bertelson ( hat subjects Carrying out serial choices er- 
h successive signal by making a test to 


and to repeat the 
Recent descriptions of 


nes for 
character identification (N 


perceptual anal rtel- 
eisser, 1963; Sternberg, 1966) allow us to re-state Be 


. s 4 dent 
r nceived as simultaneously making a set of X+ indepe™ 
tests on input, each of these tests 


l t establishing whether the input can, or cannot 
classified as one of X; different states (e.g. Neisser, 1963; 1964). 
A serial routine would also sol 


a dent 
ve the same problem by making X+ indepen 
tests, but would make them one at a time in succession. 
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A hybrid routine would also make X; tests, but would do so by successively making 
batches of parallel tests for z different sub-groups of states. 


Serial and hybrid routines may be further broken down, since they may be either 
self-terminating or exhaustive. 


An exhaustive routine always continues until all possible X; tests have been made 
before input is classified. 


A self-terminating routine only continues testing until any test, or set of tests, is 
successful. At this point input is classified without any further tests being made. 
Bertelson’s (1965) suggestion that the subject always repeats a test for the last 
signal which he identified can therefore be re-stated as an hypothesis that the subject’s 
perceptual analysis is a serial or hybrid self-terminating process—with the additional 
assumption that the first test is made for the signal identified on the last trial. Let 
us see how this model fits the data for each level of practice. 


Data from the tenth practice trial allow us to discount models based on either 
Parallel or serial exhaustive routines. If the subject always tests for all signals in 
Parallel there is no reason why repetition of an identical signal should give faster 
RTs than repetition of an Equivalent signal (the same motor response is repeated in 
either case). For the same reason we can reject serial exhaustive models, which 
also suppose that, before a decision is made, tests must be made for al? signals in 
turn (whether in the entire ensemble, or within a given sub-set of signals within that 
ensemble). It seems that the subjects use a serial self-terminating routine—but the 
Present data do not allow us to say whether this is an hybrid routine or not. With an 
hybrid routine Identical RTs would be faster than Equivalent RTs, if the subject 
Tepeated, to each signal, a set of X; tests; but where X+ did not coincide with any 
Set of signals which included the test which had identified the preceding item. An 
exception to this would occur when the sub-set of tests X+ coincided exactly with the 
limits of a set of “Equivalent” signals (as defined for the subject by the experimenter). 
In this case Equivalent and Identical transition RTs would be the same, since 
Tepetition of any test would necessarily imply repetition of tests for all Equivalent 
signals. Thus, at least on the tenth practice run, we may assume that if subjects do 
use a hybrid testing routine, the sub-sets of tests which they make do not exactly 
Coincide with those into which the experimenter partitioned the signal set. 

In the second practice run, in all conditions, Identical transition RTs were again 
faster than Equivalent transition RTs. As we have seen, we can only account for 
this by assuming that they use a serial or hybrid self-terminating routine. It is 
tempting to conclude that subjects use the same broad class of testing routine both 
early and late in practice—but this statement would leave the most striking features 
of the data unexplained. Early in practice Identical transition RT varies with the 
number of signal and response alternatives among which the subject has to select, 
and Equivalent transition RTs are not significantly different from New transition 

Ts. We must conclude that when an Identical transition occurs the subject 
must, at least on some occasions, consider other signal and response alternatives 
before making a decision. At this stage in practice, in marked contrast to Bertelson’s 
(1965) findings (and to the data from the tenth practice session) the repetition of a 
Tesponse seems to facilitate RT much less than the repetition of a signal. It seems 
that practice does not merely shift the overall distribution of RTs, but selectively 
affects the rank order of transition-classes within this overall distribution. Any 
model we propose must account for this fact. We may choose between different 
models, depending on whether we assume that subjects use an hybrid routine or a 
Serial self-terminating routine. 
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A serial self-terminating routine assumes that the first test of a series is always 
for the signal which had last been successfully identified—but implies no assumption 
about the order in which further tests are made. It is possible to suppose that, with 
practice, subjects progressively adapt the order of testing to coincide with the experi- 
menter’s partitioning of the signal ensemble. That is, having unsuccessfully tested 
for the last signal which he identified, we may suppose that the subject systematically 
tests through all signals in the Equivalent response class before considering (New) 
signals in other classes. A gradual trend in this direction during practice would 
progressively alter the distributions of Equivalent transition RTs so that they 
increasingly approximated to Identical transition RTs (while never, on this hypothesis, 
becoming as fast as Identical transition RTs). 

If we assume that subjects use an hybrid self-terminating testing routine it also 
does not follow that the sub-sets of parallel tests which we suppose the subject makes 
(and which we suppose that he repeats when any one of them successfully identifies 4 
signal) coincide with the sub-sets into which the experimenter partitions the signal 
ensemble. It is possible that one effect of practice is to progressively modify the 
sub-sets of parallel tests made by subjects until they coincide with the experimenter’s 
partitioning of the signal ensemble. This would progressively alter the distributions 
have pi ited so that Equivalent transition RTs gradually approxi- 

e to Identical transition a : a sa 
some limiting level of oa (izid become equal to Identical transition R 

Both these hypotheses beg the question as to why the subject should modify wa 
testing strategy so as to be able to respond relatively quickly when Equivalen 
transitions occur. A possible answer lies in the fact hs the magnitude of the 
repetition effect reduces sharply as the interval between successive responses increases 
te ate 1961; 1965). Any reduction in the time taken for the rerepi identifi- 

ation ot quivalent signals may therefore allow the subjects to benefit from facilita- 
ition of motor components of a response. On this line n- 


z it the a response repetition effect i sitions ear y 
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diff is sec. We must therefore explain why 
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experiment (Sternberg, 1966). On the other hand, data from highly practised 
subjects suggest that the effects of Hs upon RT diminish with practice (Rabbitt, 1962) 
until there may be little (Rabbitt, 1959; Pollack, 1963) or no (Broadbent and 
Gregory, 1962) measurable effect of signal entropy (Hs) on choice RT. In visual 
search, where subjects discriminate between two sets of (relevant and irrelevant) 
signals, it has been specifically claimed that, at some limiting level of practice, search 
time becomes independent of relevant set size because subjects gradually learn to 
adopt a parallel routine, and to test simultaneously for all relevant items (Neisser, 
1963; 1964). 

The present results support the view that practice does not merely bring about a 
gross reduction in RT, but rather alters the distribution of RTs in a way which can 
only be interpreted on the assumption that strategies of perceptual analysis are 
gradually modified as subjects learn a given classification. The present results 
preclude the possibility that parallel processing occurs by the tenth practice session. 
Neither these results (—nor perhaps any others!) can preclude the possibility that at 
some undefined limiting level of practice subjects may be able to change from a 
serial to a parallel hybrid testing strategy. Indeed, some support for this view is the 
fact that three out of 12 subjects in the 2R/4S condition and two out of the 12 subjects 
in the 2R/8S condition showed no significant difference between Identical transition 
RT and Equivalent transition RT on their tenth practice runs. The same was also 
true for two out of four subjects highly practised by Bertelson (1965) in a 2R/4S task. 

The most general conclusions of this paper thus reinforce those of a previous 
study of the ways in which practice allows subjects to optimize their techniques of 
discrimination between sets of complex stimuli (Rabbitt, 1967). Unlike poorly 
programmed computing systems of limited capacity, human beings can apparently 
use many alternative routines to classify perceptual input. If we attempt to describe 
performance in terms of some unique classification routine (Sternberg, 1966; Neisser, 
1963 ; 1964) it is very possible that our model can be validated—but only at a carefully 
selected level of practice. A more realistic, and interesting, research strategy is 
surely the investigation of the subject's progression through a series of classification 
routines until he evolves one which reflects the optimal relation of his information- 
Processing capacity to the task which we require him to perform. 
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CHANNEL-CAPACITY, INTELLIGIBILITY 
AND IMMEDIATE MEMORY 


BY 
PATRICK M. A. RABBITT* 
From the Medical Research Council Applied Psychology Research Unit, Cambridge 


When subjects try to remember lists of digits played to them through pulse-modulated 
white noise the number of errors they make is greater than would be expected if digit- 
recognition errors and immediate memory errors were independent (Exp. 1). 

A second experiment compared recall of digits in early list positions, when digits in 
Subsequent list positions were presented through noise, and in clear. Digits in early 
Positions were less well remembered when digits in later list positions had to be discrimin- 
ated through noise. 

In a third experiment prose passages were played to subjects who subsequently 
wered questions about their factual content. Judged by this technique recall of the 
first half of a prose passage is less accurate if the second half must be heard through 
noise than if the entire passage is heard through a good fidelity system. These results 
together are interpreted as demonstrations that increased difficulty of recognition of 
Speech through noise may interfere with other activities, (conveniently termed ‘‘rehearsal’’) 
which may be necessary to efficiently retain data in memory. 


ans: 


INTRODUCTION 


Words transmitted through communications links, such as telephones, may be 
torted by the characteristics of the system or partially masked by noise. It has 
been shown that there are at least two different ways in which noise or distortion 
can reduce the efficiency with which speakers can communicate with each other. 

(1) The noise may make it impossible, or very difficult, to recognize all the words 
Presented. This fact is obvious, and extremely well attested (Kryter, 1960). It is 
now possible to specify which bands of the frequency-intensity spectra convey the 

erent kinds of information necessary in various semantic and syntactic contexts— 
and Consequently to judge the extent to which the perception of the cues which are 
used to recognise words are modified by various kinds of masking or distortion 
(Webster and Klumpp, 1965). 

(2) When masking or distortion is not sufficient to produce errors of recognition 
a listener may nevertheless have to make more effort to distinguish what is said to 
im. This may imply that a listener who can correctly report words presented over 
a degraded circuit may be less competent if he is required to simultaneously perform 
other unrelated tasks (Broadbent, 1958). In an information-theory framework 
nE may suppose that in order to recognize degraded speech listeners have to use 

Spare channel capacity” which they could otherwise distribute between two tasks 
So as to maintain efficiency on both (Poulton, 1958; Brown, 1964). 
any experiments have shown that two unrelated tasks may compete to pre- 
empt a single channel of limited capacity (Poulton, 1958; Brown, 1964). It is less 
clear how such a model would operate in a case where one of two simultaneous tasks 
Tequires the subject to recognize words presented to him through noise, while the 
Secondary task” consists in remembering the words which are recognized, or in 
Performing some conceptual transformations upon them. Such a task emphasises 


dis 


*Now at Institute of Experimental Psychology, 1 South Parks Road, Oxford. 


242 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


the logical difficulties in defining what a subject has achieved when he is said to rl 
“recognized” a sequence of words. Does he recognize the sense of the words in t be 
he can supply synonyms for them? Can he remember the words in the base 
which they were presented? Or can he simply mimic the sounds which he heard? 
If we assume that some, or all, of these may be empirically separable pousniees 
(Chistovitch, 1965) we can also enquire whether they compete for channel capacity 
in the same way as two or more simultaneously conducted perceptual-motor tasks. i 
Recent experiments (Posner and Rossman, 1965) suggest that items are maim- 
tained in immediate memory by some activity, conveniently termed “rehearsal, 
which requires part of the subject’s channel-capacity. Any activity intervening 
between the presentation of items to the subject and his subsequent reproduction 
of them is assumed to occupy channel capacity, inhibiting rehearsal and wen 
the probability that items will be correctly recalled. Posner and Rossman (19 2 
showed that interpolated secondary tasks of high information-load produced greate 
decrement in recall than low information-load tasks. Variations in the information- 
load of signals may be expressed in terms of their mutual discriminability (Crossin 
1955; Laming, 1968). The question therefore arises whether recognizing some Wot 


may not be regarded as a secondary task pre-empting channel-capacity required for 


the retention of other words—with the corollary that when recognition is made 
more difficult by noise, interference w. 


ith rehearsal may be correspondingly preat 
Two experiments were made to determine whether items which are difficult k 
recognize are also less easy to remember. Experiment 1 is a direct test for an e 
action between reduced discriminability of presented items and the probability 
that they will be correctly recalled. It was made to discover whether levels A 
noise which have little or no effect on performance when lists of digits have tO 


recognized and transcribed nevertheless significantly reduce the efficiency with which 
they can be stored and recalled. 


EXPERIMENT 1 
Method 


à re considered as four successive gone P.O. 
ginal tape was re-recorded through a simulata Jatter 
AE pegs : oise Reference Unit (M.N.R.U.). 1A such & 
) and o to 3.5 kc/s. to be added to the speech signa ous 
manner that the intensit: of th ise is di rti instantane 
speech amplitude The, t the added noise is directly Proportional to the in i 


ing a constant signal-to-noise ratio. wing 
€-recorded through this link four times to give the coe 
Sits were recorded with the M.N.R.U. set of the 


es that the M.N.R.U. was switched ovt owe # 
e maximum fidelity which the system 


(4) AVC) A(N) B,(C) B,(N); 
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Subjects 
Subjects were 36 men and 44 women volunteers from the A.P.R.U. civilian panel. 
They were aged from 26 to 68 years (Mean = 47.2 years). 


Results 


Lists were scored correct only if all digits presented were reported in the correct 
order. The mean number of lists correctly reproduced in each Condition is set out 
in Table I. 

TABLE I 
MEAN NUMBER oF Lists oF EIGHT DIGITS CORRECTLY REPRODUCED 
EXPERIMENT I. 
e a ee eee 
Digits presented in with 
Digits presented in clear | OdB. signal to noise ratio 


Transcription .. ah $i 10:00 (a = 0) 9°64 (o = 0-48) 
eMory: s; a as a 4:02 (o = 3°9) 284 (o = 4:2) 


ee S 


Analysis of variance gave significant terms for Order (p<o-or) for differences 
etween subjects (/<o-o1r) Transcription vs. Memory (p<0-001) and for Noise 
$ <o-oo1), The interaction term for Noise vs. Memory was significant (p<o-or). 


Discussion 


Lists of eight digits are less likely to be correctly recalled when they are presented 
Tough noise than when they are presented in clear. The significant Memory/ 
‚olse interaction discounts the simple hypothesis that the recall-errors for degraded 
igits represent the simple sum of the (estimated) recognition errors and of the 

recall errors when digits are presented in clear. 
if Wo different explanations are possible. Lists of items are less well-remembered 
7 they are acoustically confusable with each other than if they are acoustically 
distinct (Conrad, 1962, 1964; Wickelgren, 1965). (Digits presented through noise 
are acoustically less discriminable from each other than digits presented in clear— 
snd May be less well-recalled for this reason alone.) The alternative hypothesis 
S the one which we wish to test. The process of recognizing digits through noise 
may Pre-empt channel capacity necessary for their efficient retention in immediate 
Memory storage. = 
he second hypothesis would be confirmed if the probability of recall of digits 
Presented in clear were reduced when other digits, in the same list, were presented 
Tough noise. Such an effect could be either proactive or retroactive. Experiment 2 
Was therefore designed to test for both these possibilities. 


EXPERIMENT 2 


Methoa 

ý Fifty-six lists, each containing eight different digits, were made up by selection from 

hinge number tables. Each list was recorded by a male speaker as two groups of four 
Its rea, 


a dat r digit/sec. with a 2 sec. pause between groups and a ro sec. pause 
Ween lists. Subjects were instructed to listen and to remember both groups of digits, 
are Were only required to repeat one group. The group to be recalled was post-cued by 
© Instruction “Group 1” or “Group 2” recorded 1-5 sec. after the end of each list. 
and e set of 56 lists was then re-recorded through the simulated G.P.O. telephone line 
(Noi M.N.R.U: described for Experiment 1. The M.N.R.U. was either switched in 
°1se) or out of link (Clear). Half-lists were recorded either through noise or in clear 
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i iti ise/Noise; 
i 1 numbers (i.e. 14) with each of the four Possible compositions Noise/. a 
Tae ES A Clear/Clear. Post-cuing instructions „were $ aena 
that the subject was required to recall Group I and Group 2 seven times un Sha al 
these four conditions of list-composition. „Eight conditions of presentation oand 
could thus be compared. The order in which subjects experienced list-compos: mene O 
cueing instructions was subjectively random. All subjects experienced the seq 
lists in the same order. 


r le. 
The set of 56 lists was presented to (89) subjects tested in groups of 11 to 21 peop 
Conditions were as described for Experiment 1. 


Subjects 


ars 
Subjects were 89 members of the A.P.R.U. Civilian panel aged from 25 to 69 yei 
(Mean = 45-3 years). 


TABLE II 


EIGHT 
MEAN NuMBER oF Hatr-Lists or Dicits CORRECTLY REPRODUCED UNDER 
CONDITIONS oF PRESENTATION AND RECALL 


EXPERIMENT 2 


Recall of first group Recall of second groue E 
ee = ee PN G 
CIC | CIN | NIN | Nyc | cic | cN | NIN | NI 
an 2. A a A a) 
Mean No. of groups 


correctly recalled. , ++] 4°53 
o . 


: ins 
; (é<o-00r) and for recall of second half-lists as 28% 150 
first half-lists (b<o-002), The term 


‘o was 
Eits elsewhere in the list were presented through noise obtain 

examined by calculating S2 from the residual term for the An.o.Va. in order to 0? 

a rank-order of Significant diffe 


when 
bsequent half-list was presented in clear D “that is, 


a cleat 
better when the first half-list was presented aD 


nted i 
esenta 


1 them acoustically less ae eel 0 
from each other. Consistent with these results is the hypothesis that re^ 
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the first group of digits is inhibited if the channel is pre-empted by the task of recog- 
nizing a second group through noise. There are theoretical (Crossman, 1955; 
Laming, 1968) and empirical (Rabbitt, 1963) reasons for supposing that human 
channel capacity can be defined (interchangeably) in terms of the number of items 
between which subjects may have to discriminate (information load) and the mutual 
discriminability of the items with which subjects are concerned. This result is 
therefore consistent with Posner and Rossman’s (1965) evidence that the main- 
tenance of items in immediate memory requires channel-capacity which may be 
pre-empted by secondary tasks in proportion to their information load. It further 
appears that the recognition of digits through noise constitutes such a “secondary” 
task, interfering with the retention of digits previously heard. Items presented 
through noise may be poorly remembered (Exp. 1) not only because they are in- 
Correctly recognized, but because the difficulty of recognizing some items interferes 
with the retention of others (Exp. 2). 
_ H is rare that the act of “communication” for which a speech-link is used simply 
Involves an exchange of lists of words (Rabbitt, 1966) or of groups of digits (Exp. 
I and 2). The slow tempo of conversation and the considerable redundancy of 
language make it possible that under everyday circumstances the burden on a listener’s 
information processing system would be low enough to allow him sufficient time 
(and So, implicitly, sufficient channel-capacity) to both understand and remember 
the content of continuous speech transmitted to him through low levels of noise. 
more naturalistic experiment, therefore, would test whether recall of the content 
of connected discourse presented in clear is affected when, before recalling it, a 
listener is subsequently required to try to understand and remember speech presented 
to him through noise. An experiment was made to test this point. 


EXPERIMENT 3 
Apparatus and procedure 


on 1LWO prose passages, 682 and 712 words long, were made up from the text of articles 
In back numbers of “Scientific American.” These were then recorded on magnetic tape 
Y a male speaker at approximately 120 words/min. The durations of the passages, 
as read, were 5 min. 8 sec. (Passage A) 5 min. 23 sec. (Passage B). 
, e master tape on which these passages were recorded was then re-recorded through 
a simulated G.P.O. telephone link and G.P.O. Modulated Noise Reference Unit (M.N.R.U.). 
ti Each of the two passages was re-recorded once with the M.N.R.U. switched out of 
he circuit (No Noise Condition) and once with the M.N.R.U. switched out for the first 
alf of the passage, and switched in for the second half at a setting which maintained the 
Noise intensity 5 dB. below the intensity of the speech signal (Clear/Noise Condition). 
E halves of the passage were defined with respect to the sentence-ending nearest to 
© mid-point located by a word-count. : ; 
or each passage a list of 10 questions was made up to test the listener’s recall of the 
Material read to him. The first five questions could be answered only by reference to 
Information presented in the first half of the passage. No information relevant to these 
questions was repeated in the second half of the passage. The second five questions 
Similarly required information presented only in the second half of each passage. 
Separate groups of 11 to 22 subjects each heard one of these passages recorded under 
ne of these conditions (i.e. No Noise, or Clear/Noise). Passages were played to subjects 
ona ‘“Ferrograph”’ 5A tape-recorder through a Phillips ZA 29431 external speaker system. 
T he Clear/Noise condition, when used, was described to the subjects in advance. 
le Passage was then played. After the passage had ended subjects removed appro- 
uate question sheets from envelopes and wrote down their answers to the questions. 
¿n this way 36 subjects heard passage A in the No Noise Condition and 36 heard passage A 
a the Clear/Noise Condition. Similarly two groups of 26 subjects each heard passage B 
nder one of these conditions. 
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Subjects 


The subjects were 124 members of the A.P.R.U. civilian subject panel. Thirty-eight 
of these people were men and 86 were women. Their ages ranged from 22 to 68 years 
(Mean = 42-6 years). Fifty-two of these subjects had previously participated in experi- 
ments investigating long- and short-term memory. 


Results 


Questions were framed so that answers would be unambiguously correct or wrong; 
i.e. a single name, figure or binary (Yes/No) choice was required by each. The scorer 
awarded 1 point for each correct answer, and o points for any other answer. The 


mean scores made by subjects on the first and second halves of each passage in each 
condition are given in Table III below. 


TABLE III 
MEAN NUMBERS oF QUESTIONS CORRECTLY ANSWERED 
EXPERIMENT 3 
i 
| N | First half of passage Second half of passage 
| 
Passage A | 
No Noise e ..| 36 2-1 (0 = 1-7 -2 (o = 1:9) 
Clear/Noise -s ++] 36 | 1-7 (o = aR is E = 1:6) 
Passage B 
No Noise. . 26 18 (¢ = i 6 (o = 1:5) 
Clear/Noise 26 12 i 5 aa ar £ = 38) 


. i pe 
questions obtained by the No Nale E py 


i up 
th passages, scores obtained by the No Noise os 


à information 
and the rehearsal of info ioni n the analysis of new in iderably 


: : 5 nsi 
aided by redundancy (either; - In doing this he will be co know? 
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details are related to each other in terms of the system of causal relationships which 
are most probable (and so redundant) in the context of the subject’s life-experience 
(Bartlett, 1932). It is tempting, therefore, to say that the subject recognizes re- 
dundancy in prose passages, and does not tax his limited capacity by attempting to 
store redundant material verbatim, since he can reconstruct redundant connecting 
links from data in long-term memory storage (‘‘schemata’’). 

This usage conceals an assumption about the mechanism necessary to recognize 
and use redundancy. It may not be evident to a listener which details are “salient” 
and which “redundant” until much of a passage has been heard. Evidently a 
listener would operate most efficiently if he did not rehearse all the material presented 
to him, as it were by rote, but rather attempted selective rehearsal, editing material 
1n storage both in terms of the new information which he continuously receives and 
im terms of other information which he may hold in long-term memory. Thus the 

salient” and “redundant” features of a passage may be progressively distinguished 
and selectively rehearsed or forgotten as the episode progresses. 

Such a process would evidently require an highly complex and carefully-timed 
Selective shifting of attention between material currently being presented and material 
held in storage. It would be consistent with this model that any increase in the 
Complexity of one of these interlocking and competing processes would reduce the 
efficiency with which the others can be carried on. In this context it is again evident 

hat under conditions approximating to those encountered in everyday life levels of 

Noise on speech-communications links which do not prevent listeners from hearing 
what is said to them may nevertheless prevent them from efficiently using the informa- 
tion which they receive. 

Apart from these theoretical considerations the present results raise a clear 
Practical issue.  Intelligibility tests are again shown to provide very crude indices 
of the extent to which noise on speech communications links may limit the efficiency 
of the people who use them (Broadbent, 1958; Rabbitt, 1966). Communications 
links, such as telephones, are not simply used to transmit lists of words or phonemes 

ut often to conduct complex transactions. Because such transactions make demands 
On memory storage and retrieval, any attenuation of these functions may represent 
à Serious liability. In assessing the efficiency and comfort with which systems may 
€ used it is evidently necessary to bear in mind that the effects of noise cannot be 
disregarded until a point is reached at which recognition errors occur. The present 
Tesults suggest that even levels of noise which do not have measurable effects on 
intelligibility may nevertheless cause measurable decrements in the ability of listeners 
© carry out the transactions for which communications systems may be required. 


REFERENCES 
Barter, F. C. (1932). Remembering. London: Cambridge University Press. 
ROADBENT, D, E. (1958). Perception and Communication. London: Pergamon. Pp. 
73-80, 
Brown, I. D. (1964). The measurement of perceptual load and reserve capacity. Trans. 


Ass. industr, med. Offrs. 14, 44-9- 
Cuisrovircn, rer A. et In A stotine L. A. and KozmevyNīKOvV, V. A. (Eds.). 


c Rech ‘Artikulatsia i Vospriatie. Moscow. , 
ONRAD, R. (1962). An association between memory errors and errors due to acoustic 


c masking of speech. Nature, 193, 1314-5: , 
ONRAD, R. (1964). Acoustic confusions in immediate memory. Brit. J. Psychol., 55, 


-84. 
Crossman, E. R. F. W. (1955). The measurement of discriminability. Quart. J. exp. 
Psychol., 7, 176-95. 


248 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


Kryter, K. D. (1960). Human engineering principles for the design of speech com- 
munications systems. Operations Applications Office, Air Force Command and Control 
Development Centre, A.F.C.C.D.D. Tech. Report 60. 27: 


Laminc, D. R. J. (1968). Information Theory of Choice-Reaction Times. London: 
Academic Press. 

Posner, M. I., and Rossman, E. (1965). Effect of size and location of informational 
transforms upon short-term retention. J. exp. Psychol., 70, 496-505. 

Poutton, E. C. (1958). Measuring the order of difficulty of visual-motor tasks. Evrgo- 
nomics, 1, 234-9. g 

RABBITT, P. M. A. (1963). Information load ai 

RABBITT, P. M. A. (1966). Recognition: me 
Psychon. Sci., 6, 383-4. 

WICKELGREN, W. A. (1965). Acoustic similarity and intrusion errors in short-term 
memory. J. exp. Psychol., 70, 102-8. 

WEBSTER, J. C., and Ktumpp, R. C. (1965). S eech interference aspects of Navy 
noises. Res. Develop. Rep. NEL/REP? lea U.S. Navy Pisani Lab., San 
Diego, California. 


nd discriminability. Nature. 197, 726. 
mory for words correctly heard in noise. 


Manuscript received 12th February, 1968. 


ACOUSTIC SIMILARITY AND STM 249 


HOW DOES ACOUSTIC SIMILARITY INFLUENCE 
SHORT-TERM MEMORY? 


BY 
A. D. BADDELEY* 
From the Medical Research Council, Applied Psychology Research Unit, Cambridge 


This study attempts to discover why items which are similar in sound are hard to 
recall in a short-term memory situation. The input, storage, and retrieval stages of the 
memory system are examined separately. Experiments I, II and III use a modification 
of the Peterson and Peterson technique to plot short-term forgetting curves for sequences 
ot acoustically similar and control words. If acoustically similar sequences are stored 
ess efficiently, they should be forgotten more rapidly. All three experiments show a 
parallel rate of forgetting for acoustically similar and control sequences, suggesting that the 
acoustic similarity effect does not occur during storage. Two input hypotheses are then 
ained, one involving a simple sensory trace, the other an overloading of a system 
i ich must both discriminate and memorize at the same time. Both predict that short- 

erm memory for spoken word sequences should deteriorate when the level of background 
ee is increased. Subjects performed both a listening test and a memory test in which 
list, attempted to recall sequences of five words. Noise impaired performance on the 
th ening test but had no significant effect on retention, thus supporting neither of the 
t put hypotheses. The final experiments studied two retrieval hypotheses. , The first of 
A Wickelgren’s phonemic-associative hypotheses attributes the acoustic similarity 
of ect to inter-item associations. It predicts that, when sequences comprising & mixture 

Similar and dissimilar items are recalled, errors should follow acoustically similar items. 
aoe Second hypothesis attributes the effect to the overloading of retrieval cues which 
mas. guentiy do not discriminate adequately among available responses. It predicts 
dnon iin error rate on, not following, similar items. Two experiments were performed, 
ae aol ng recall of visually presented letter sequences, the other of auditorily prasama 
simil sequences, Both showed a marked tendency for errors to coincide with acoustically 
si ilar items, as the second hypothesis would predict. It is suggested that the acoustic 

Milarity effect occurs at retrieval and is due to the overloading of retrieval cues. 


INTRODUCTION 

One of the most striking aspects of short-term memory for sequences is its extreme 
Vulnerability to the effects of acoustic similarity among the items concerned. This 
Was first demonstrated by Conrad and Hull (1964) who showed that sequences of 
letters that are hard to discriminate when heard in noise (e.g. CBGPTYV) are retained 
Much less accurately than easily discriminable sequences (e.g. RXQHKW), even 
though they are presented visually. This effect has also been shown to apply to the 
recall of consonant-vowel digrams (Wickelgren, 19654) and words (Conrad, 1963), for 
Which Baddeley (19662) has shown it to be considerably more important than either 
Semantic or formal similarity. In this it differs from long-term memory which 
“ppears to rely more on semantic than acoustic coding (Baddeley, 1966); Baddeley 
and Dale, 1966). 

Since the acoustic similarity effect is such a marked and characteristic phenomenon 
of short-term memory, it seems reasonable to suppose that an adequate explanation 
Would have considerable implications for a general model of short-term memory. 
Unfortunately, however, the facts as they stand can be explained equally well by a 
decay theory (Conrad, 1964), an interference theory (Wickelgren, 1965) or, with a 
little ingenuity, by any of several models based on an informational approach to 
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short-term memory of the type described by Broadbent (1958), Posner and Rossman 
(1965) and Murdock (1965). The present study therefore does not attempt to test 
existing theories directly; its aim is rather to narrow down the range of possible 
theories by first asking more general questions. 

Any memory system must have at least three components; it must have a means 
of storing information, a system for putting information into the store, and a mechan- 
ism for retrieving it from the store when recall is required. The present study 1S 
concerned with two questions; which of these stages is responsible for the acoustic 
similarity effect, and what sort of mechanism is involved? 


I. Storage 
Both the decay and interference theory explanations of the acoustic similarity 
effect have implied a model in which Sequences are encoded acoustically and are 
forgotten because the cues Tequired to discriminate between items are lost during 


storage, either because of spontaneous decay (Conrad, 1964) or interference among 
the items stored (Wickel 


; wn 
ms reasonable to assume that the forgetting ae 
f the acoustic similarity effect occurs during stot 
ilar items should show a steeper forgetting curve 


» 2, 4, 8 and 16 sec. during which ay 5 
é e sec. rate. After the requisite number 
given, whereupon subjects were allowed 12 sec. to write dow’ 


o A 
imi 

i ll and digit i a der to maxi 
response availabilit a git copying tasks. In or e 
ity, the two sets of words were written on cards which were perma” ord 


compelled to guess when in doubt. wa SO ges, e 
Subjects were 15 housewive 


single group. Order of oc e T ntion int 
1 P Curr zi i 4 
i nce of word sequences and rete: 


Results 
duced 


, Performance was scored in terms of mean per cent. words correctly rep1° th 
in the appropriate serial position and is shown in Figure x. It is clear from this 
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FIGURE 1 
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Rate of forgetting sequences of four acoustically similar or control words. 


Sequences of both types show the rapid forgetting demonstrated by Peterson and 
Sterson (z959). It is also clear that, although the acoustically similar Sequences 
Were considerably harder than the controls for all subjects, the differential rate of 
forgetting predicted by the storage hypothesis does not occur. Indeed, considered 
aS a whole, the interaction between type of material and rate of forgetting is in the 
©PPposite direction to that predicted, with a drop of about 30 per cent. for acoustically 
Similar sequences and 6o per cent. for controls. However, such a comparison would 
clearly be invalid as an indicator of rate of short-term forgetting since the acoustically 
Similar sequences start at a much lower level of performance and are clearly approach- 
ing an asymptote by 4 sec. Control sequences start at a higher level and forgetting 
Continues up to about 16 sec. Even comparison over the first 4 sec. however, is not 
likely to be valid since the initial point for control sequences is almost certainly 
Somewhat depressed due to a “ceiling” effect. In short, Experiment I does not show 
a difference in rate of forgetting of any magnitude between the two types of material, 
ut we can not discount the possibility that an effect exists but is masked by the 
erence in initial level of performance. Experiment II attempts to avoid this 
Problem. 
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EXPERIMENT IT 


Material. This was selected with two aims in view, first to reduce the ee 
difficulty between similar and control sequences so as to avoid the artefactua ae agi 
and “floor” effects outlined above, and secondly to minimize the possibility th Hie 
different coding systems for the two conditions. It was, for example, possible pe bee 
previous materials to remember only the initial consonants of control sequenc' 


: imilar 
consonants and differed only in the range of vowels used, with the aroasticelly Am 
set comprising 10 words with the same vowel (had, tag, fad, cap, pad, pan, tap, lap, fog, 
and can) and the control list containing all five vowels (tin, den, cod, lid, cab, tug, 
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Results 


Performance on the two types of material is shown in Figure 2. As was intended, 
the difference in initial difficulty between the two sets was smaller than the 40 per cent. 
shown in Experiment I, mainly due to the greater difficulty of the control sequences 
and presumably caused by the greater acoustic similarity resulting from duplication 
among both initial and terminal consonants. Nevertheless, there was a highly 
Significant difference in difficulty between the two sets of words, an effect shown by all 
but five of the 60 subjects (p < oʻoox, Sign Test). Rate of forgetting appears to be 
remarkably similar for the two sets of words, both overall, and over the first 4 sec. 
Comparison of rate of forgetting in the two conditions using the Wilcoxon Test 
confirmed this conclusion (p > o'I in each case). 

This result then agrees with Experiment I in suggesting that the acoustic similarity 
effect is not due to the storage phase of short-term memory. However, in both 
Experiments, control sequences start at a higher level of performance, and it might be 
argued that if subsequent retention were measured as a percentage of initial per- 
formance, then similar sequences do show more forgetting than control sequences. 

ile such a procedure might seem somewhat dubious, it would clearly be desirable 
to repeat these experiments with level of intial performance equated for acoustically 
Similar and control sequences. One method of achieving this is to have acoustically 
Similar and control sequences of different length, the relative lengths chosen so as to 
8lve the same per cent. correct score when tested immediately. This technique was 
used in Experiment III. 


EXPERIMENT III 
Method. The design employed was identical with Experiment I except that acoustic- 
Y similar sequences comprised three words and control sequences five words, lengths 


ch previous experimentation had suggested would give a score of approximately 
80 per cent. aol on immediate test. The subjects, 17 housewives from the A.P.R.U. 


Panel were tested in a single group. 


all 


Results 


The percentage of words reproduced correctly in the appropriate serial position is 
shown in Figure 3. Level of difficulty of acoustically similar and control sequences on 
Immediate test appears to have been successfully equated. As in Experiments I and 

there is no indication whatsoever that the acoustically similar sequences are 
forgotten more rapidly than control sequences, as the storage hypothesis would 
Predict, 


DISCUSSION 


All three experiments suggest that rate of short-term forgetting is not affected by 
acoustic similarity. They also suggest that rate of forgetting is independent of both 
Initial level of performance, and of number of items to be retained. Experiments I 
and II showed no difference in rate of forgetting between difficult acoustically similar 
Sequences and relatively easy control sequences. This contrasts with the evidence 
from L.T.M. which suggests that the higher the level of initial performance the 
better the retention (Underwood, 1949). Furthermore the observation in Experiment 
UI that three- and five-word sequences were forgotten at the same rate contradicts 
the theoretical short-term forgetting function proposed by Melton (1963) which 
Postulates a large interaction between number of items and rate of forgetting. 

€lton’s generalization was based principally on an S.T.M. study in which subjects 
Were required to retain sequences of one, two, three, four and five consonants for 
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therefore seem desirable to repeat Melton’s study taking possible scalar artefacts into 
account. 

_To return to the acoustic similarity effect, however, the three experiments des- 
cribed all indicate a parallel rate of forgetting for acoustically similar and control 
Sequences, It is difficult to see how these results can be explained by a theory 
attributing the acoustic similarity effect to the storage phase of short-term memory 
(Conrad, 1964; Wickelgren, 1966). 


II. The Input Stage 

The next experiment is concerned with two classes of hypothesis which would 
attribute the acoustic similarity effect to the input phase. The first of these could be 
termed a simple acoustic trace hypothesis. It has been shown that subjects tend to 
remember sequences of unrelated words in terms of their sounds unless they are 
Presented several times (Baddeley, 1966a, 1966). It therefore seems plausible to 
assume that in these circumstances the subject simply records the raw sound as a 
Primary acoustic memory trace (cf. Mackworth, 1964). Items which are acoustically 
Similar will thus lay down similar traces which will be difficult to discriminate and 
hence to recall. A hypothesis of this type has been described by Murdock (1966) who 
Suggests that S.T.M. may draw on both a memory store and a pre-perceptual sensory 
Store of this sort. 

A second, more complex hypothesis however, might explain the acoustic similarity 
effect as follows. The role of the input stage of S.T.M. is to discriminate the message 
to be remembered, encode it as efficiently as possible and then to feed it into the 
Peat | store. Each of these processes will require a certain amount of the limited 
Th ne capacity available (Posner and Rossman, 1905; Murdock, 1965). If the 

Ormational demands of these processes is increased, then the channel will become 
Overloaded and retention will suffer. Since material is encoded acoustically, acoustic- 
ally similar items will overload the system by presenting the subject with a series of 
ea auditory discriminations (whether of external or, when presentation is 
tis vee of internal self-generated stimuli). Since more channel capacity is being 
he for discrimination, less will be available for encoding, rehearsal, etc., and the 

Vel of performance will consequently decline. 

__ On either of the above hypotheses, S.T.M. should suffer when the words to be 
*etained are presented auditorily in noise. On the simple acoustic trace hypothesis, a 
Word spoken in noise should leave a trace in which the word is embedded in noise, and 
as a result retrieval should be impaired. On the channel capacity hypothesis, the 
need to make a series of relatively difficult discriminations in order to hear the message 
Should reduce the capacity available for encoding and rehearsal, with a consequent loss 
in amount recalled. 

Evidence already exists that S.T.M. for auditory material may be impaired by 
noise, thus Rabbitt (1966) has shown that noise may impair recognition memory for 
auditorily presented words, though the effect shows up as higher false alarm rate 
rather than a lower detection score. Similarly Murdock (1967) has shown that 
Minimal paired-associate learning is poorer for pairs of words presented in noise. The 
question at issue, however, is not whether noise has an effect on S.T.M., but whether its 
effect is large enough to support an explanation of the massive acoustic similarity 


effect in terms of stimulus discriminability. 


EXPERIMENT IV 


an Material. Twenty-four sequences of five words were drawn from each of two sets, an 
Oustically similar set (man, mad, cad, map, can, cap, cat, mat) and a control set of 


256 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


equivalent frequency of occurrence in the language (sup, day, pit, hot, pen, bar, cow, few). 
Sequences were drawn at random with the constraint that words never occurred more than 
once within the same sequence. 


Procedure. The sequences were presented by tape recorder at a rate of one word per 
sec. after which subjects were allowed 20 sec. to write down as much of the sequence as 
they could recall in the appropriate order. The experiment was divided into two halves, 
each involving the presentation of twelve sequences from each set in random order. In 
one half all sequences were presented against a background of 70 dB. white noise, while 
in the other half the background was relatively quiet (45 dB.). At each noise level the 
remembering task was preceded and followed by a listening test in which all 16 words 
were read out in random order. Subjects were allowed 5 sec. per word to write their 
responses. Combined speech and background noise level was 70 dB. in the quiet condition 
and 74 dB. in the noisy condition. Subjects were housewives from the A.P.R.U. volunteer 
subject panel; they were tested in two groups, one (N = 20) was given the noisy condition 
first and the other (N = 18) did it second. To maximize response availability, the two 
sets of words were displayed on cards throughout the experiment, though subjects did 
not know in advance from which set the next sequence would be draw 


Results 


Listening test. Table I shows the 7 he two 
per cent. words correctly reported for th 

sets at the two levels of background noise. The 70 dB. basie nind noise clearly 

impared discrimination of similar words (b <o-oor, Sign Test), and although its 

effect on control words was small, it was consistent and statistically reliable (f < 0:0a 


Sign Test). Acoustically similar words w iscrimi ontrol 
apes l vere harder to discriminate than © 
ha both in quiet (p < o-or Sign Test) and noise (p < o-oor, Sign Test). Control 
wor: 4 in noise had the same level of discriminability as acoustically similar WO1 -je 
quiet, seven subjects found them easier, seven harder and 24 equally discrimina? 


TABLE I 


PERCENT Worps CORRECT on LISTENING TEST 


Acoustically similay words 
Control words ae 
Order of test | Order of test 
Condit = 
ondition Ist 2nd Mean Condition | Ist 2nd Eee 
Noise . 3 
oust | Gre | So | a] Me | oes | a | be 
5 uiet 99:7 | 993 | 
Mean 88-0 96:0 


r the 


Recall. Table II sh ee 
various conditions. TE e per cent. words recalled in the correct position : thay 


der í 
o 
ffects It 


pected, 


control i 
m rO S; an effect that is shown by all 38 subjects at both noise levels. Thee 


: performed better on the cont: d listening task ™ n ar 
I5 subjects recalled control words better in noise. e th ally $ Pet 
"more marked, with 21 of the 38 subjects having 2 
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TABLE II 
Per Cent. WORDS CORRECTLY RECALLED 


Acoustically similay words Control words 
Order of test | Order of test 
Condition Ist 2nd Mean Condition | ist | 2nd Mean 
Noise 43°4 526 48:0 Noise 847 90°3 87-5 
; (38-2) | (49-4) | (438) f (90:7) | (92:5) | (91-6) 
Quiet 476 53-6 50:6 Quiet | 925 92:7 92 
| Mean 455 53I | Mean | 88-6 ors | 


t Figures in parentheses represent scores expected in noise on the basis of the listening 
est (see text) 


to asymmetrical transfer effects which may either produce a spurious effect or mask a 
„ Teal one. This was checked by making a comparison across groups using only the 
TSt condition tested in each case. This supported the previous analysis; the Mann 
itney Test showed that the difference between recall of words presented in quiet 
and in noise did not approach statistical significance for either acoustically similar or 
Control words (p > o-r in both cases). Finally, there was a very reliable effect of 
| Practice, with 28 of the 38 subjects improving their score on similar sequences and 26 
proving on control words (p < 0-or, Sign Test in each case). This small but reliable 
Practice effect appears to have been sufficient to overshadow any effect that noise 
might have had on recall. La ; 
cri The results of the listening test show that 70 dB. of white noise impaired dis- 
Tmination for both acoustically similar and control words. The retention test, 
Si niver, indicates that noise did not reliably impair recall. This is particularly 
ha ing since comparison between quiet and noise was made using raw scores which 
TEN represent not only recall errors, but also errors due to mishearing. The 
ex €ning tests scores may be used to correct these raw scores as follows. If, for 
A + oa noise reduces the listening scores from I00 to go per cent., it seems reason- 
e to suppose that 10 per cent. of- the words to be recalled will be misheard, so that 
ey will be wrong even though no forgetting occurs. On this basis the expected 
SAW recall score would be go per cent. of that in quiet. Recall scores expected in 
noise on the basis of recall in quiet and listening in noise are shown in parentheses in 
able TI, They reinforce the conclusion based on the analysis of raw scores 1n 
Suggesting that presenting word sequences in noise had little effect on their retention. 
his does not mean that S.T.M. is insensitive to noise; the results of Rabbitt (1966) 
and Murdock (1967) show that impairment due to noise may occur under appropriate 
| conditions. It does however suggest that any effect under these conditions is small 


| “nough to be masked by other factors. 


Discussion 
t Since these results show no impairment of S.T.M. in noise, they support neither of 
Ze OWS input-stage hypotheses of the acoustic similarity effect. Control sequences 
™ Noise and acoustically similar sequences in quiet are equally difficult to hear, but 
er enormously in retention score, suggesting that subjects are able to filter out 
€ noise before storing the stimulus. Indeed, it seems possible (Hintzman, 1965) 
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that the stimulus is coded as a kinaesthetic vocal image, rather coe sone 
in which case the noise would almost inevitably be filtered out ana, tle chancel 
seems, moreover, that this noise filtering process requires a, 1 Hors aa 
capacity, for there is abundant evidence that short-term memory une mene, 
system of limited informational capacity (Broadbent, 1958), so that any Enis ai 
information processing required will adversely affect recall performance (Pos 
an, 1965; Murdock, 1965). ; A 

ees a kan does ai of course completely eliminate the input pie am 
possible source of the acoustic similarity effect. There may for example be REE 
stage in which the filtered stimulus is registered in the memory store by oe material 
process of limited capacity, at which point the adequate encoding of sae iy ffect 
may overload the system. If this were the case, however the acoustic simi a its BY 
should become more acute as rate of presentation is increased. gaa DO 
Conrad, Baddeley and Hull (1966) and Laughery and Pinkus (1966) have s tion for 
such interaction between the acoustic similarity effect and rate of presenta assive 
speeds ranging between 20 and 180 items/min. As an explanation of the fe does 
acoustic similarity effect, therefore, the hypothesis of limited input capacity 
not seem very probable. el 

The results of this study have implications at two levels. At the poni peri- 
the absence of a reliable effect of listening conditions on S.T.M. suggests tha nger o 
ments on acoustic similarity may use auditory presentation with iie OT i 
introducing major artefacts. Provided subjects are able to hear the stimuli a do give 
auditory and visual presentation of acoustically similar material should an s 
substantially the same results (Baddeley, 1966a, b). At the theoretical m ior 
results indicate that neither of the input hypotheses described can accoun Conrad 
acoustic similarity effect in S.T.M. This, together with the failure of milaritY 
Baddeley and Hull (1966) to find an interaction between the acoustic Fal 
effect and rate of presentation, makes an input phase explanation seem unlik 


III. Retrieval The 

It is, in principle, possible to Senerate a wide range of retrieval hep “which 
following experiments are concerned with 

appear to be both plausible and to produce 

The first hyp 

acoustic similarity 


in the correct order 


different predictions. ut that 
e items 
call 
He 


own 
formally equivalent to lists w: 


hi 
ith $ . re been $ 
ith repeated items, e.g. 1 4, which have 

to be harder to recall than Bo 17397 


mn 
: ickelet® 
€ lists without repeats (Wickelgren, 1965¢)- w which 
suggests an associative hypothesis in which each item serves as a SUDNI yes as ê 
evokes the next item in the Sequence. In the sequence above, the digit 7 § 


n the 
stimulus for both 3 and 4 and thus provides a more ambiguous recall cue he 
equivalent digit in a non-repeatin 

sequence is thus functional] 
choice-point for each unit t 
same choice point on two 
each. The fact that subj 


e 

lly © 
jects can recall repeating sequences successfully . the 
implies that association between succes: 
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fact that such sequences are more difficult suggests that such associations are one 
source of retrieval cues. Acoustically similar letters tend to have phonemes in 
common and a list of such letters can thus be considered as a sequence containing 
many repetitions. While this hypothesis would predict that acoustically similar 
Sequences would be more difficult than control sequences, it would not predict faster 
forgetting, as would a storage hypothesis. 

The essence of Wickelgren’s retrieval hypothesis is that the subject reproduces 
aly similar material in the wrong order because he loses his place in the 
oe ad : An adequate retrieval process, however, must tell the subject not only 
a he is in the sequence being retrieved, but also what item to retrieve next. 
la a ternative to Wickelgren’s hypothesis might suggest that the subject’s difficulty 
Pool eau 3 what item to select next rather than where he was in the sequence. 
= his hypothesis, retrieval is analogous to a treasure hunt in which the subject is 
ee to collect a series of items in a specified order and is given a sequence of 
fe i The more similar the items, the harder it becomes to decide which clue refers 
Ee ich item, and the greater the probability of collecting the items in the wrong 

5 er. On this hypothesis, retrieval cues serve as an address, specifying for each 
Position what sort of response is appropriate (cf. Crossman, 1959). 

There is fortunately one situation in which the Wickelgren and the present address 
cS ETtheses make quite different predictions. When a subject is required to retrieve 

quences comprising a mixture of similar and dissimilar items, Wickelgren’s hypo- 


thesi z i 2 
thesis would predict that errors would follow similar items as 1S the case with repeated 


p (Wickelgren, 1965c; 1966). The address hypothesis, however, would predict 
ie the similar items themselves would be wrong, since their addresses are in- 
ciently discriminable. The following experiments examine this point by requiring 


oats 
ubjects to recall mixed lists and examining the error patterns. 


EXPERIMENT V 


Method. Subjects attempted to recall sequences of six letters drawn from two basic 
fusio. One comprising acoustically similar letters (BCDPTV, probability of acoustic con- 
a (Conrad, 1964) = 0:699), the other, dissimilar letters (JKLRWY, probability 


°f acoustic confusion = 0-193). 

twic 1x basic types of sequence were produced with the constraints that no letter occurred 
ce Jm any sequence, and each letter appeared equally often at each serial position. 

aco Six arrangements are given below with examples; S represents a letter from the 
Uustically similar set (BCDPTV) and D represents a letter from the dissimilar set 
LRWY). 


Type Arrangement Example 
A DSDSDS JCWPLD 
B SDSDSD CJPWDL 
Cc SSSDDD CPDJWL 
D DDDSSS JWLCPD 
E DDDDDD JWLYRK 
F SSSSSS CPDVBT 


nces, four of each type. A film was made up comprising 


The test comprised 24 seque: 
t sequences in random order. A Specto 


hri ; 
fai; Practice sequences followed by the 24 tes’ 5 
©-by-frame projector was used to present the letters singly at a rate of 0-75 sec. per 


mt Each sequence was preceded by a “ready” dot exposed for 2-25 sec., and recall 
instpnPaced: projection stopped until all subjects had ceased writing. Subjects were 
o a to recall in the order of presentation and to guess rather than leave blanks. 
aximize response availability, the 12 relevant letters were written at the top of 


e 
Tesponse sheets. 


€ subjects were 24 housewives and six naval ratings. They were tested in groups. 
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Resulis 


Performance was scored in terms of per cent. errors, an error being any failure to 
reproduce the correct letter in the appropriate serial position. Mean per cent. overall 
error scores for the six conditions were as follows: A — 28-3; B = 25:0; C= 257; 
D = 25:8; E = 18-1; F = 49:2. There is a clear effect of acoustic similarity in E 
and F, the pure sequences, with 29 of the 30 subjects making more errors on F than 
on E. The Duncan Multiple Range Test showed no reliable differences among the 
four mixed conditions. i 

The main point at issue, however, is the distribution of errors rather than their 
overall frequency. This is shown in Figure 4; conditions A, B, C and D are shown in 
Figures 4a, 4b, 4c and 4d respectively. The pure sequence conditions E and F are 
included in each to provide reference points. The crucial question is whether errors 
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a ar ope on acoustically similar letters (filled circles) or on items immedi- 
Silar hg similar letters. There isa marked tendency for errors to coincide with 
‘athe ee the address hypothesis would predict. This shows up most clearly 
fisted asf ing conditions, A and B. The statistical reliability of the effect can be 
oaa OWS. Each subject’s score on letters occurring in positions I, 3 and 5 is 
thesis. thi pn his score on letters in positions 2, 4 and 6. On Wickelgren’s hypo- 
for ake ifference score should tend to be negative for condition A, and positive 
subjects ion B, whereas the address hypothesis would predict the opposite. Of the 
= ain shows a negative score on A, 25 show positive scores, and four show 
renc ce, while on B, 21 show a negative score, four a positive score and five no 
ypothesis aa ei the evidence overwhelmingly supports the address 
t < D007), han the associative hypothesis described (xX? = IFI, d.f. = 2, 
Tep position curves for conditions C and D also support this conclusion. 
dissimilar b positions here are 3 and 4, at the boundary between the similar and 
Position T blocks of letters. In condition D (DDDSSS), errors clearly increase from 
occur r] to position 4, whereas in condition C (SSSDDD), the opposite tends to 
total 4 a he reliability of this difference was assessed using as a score each subject’s 
ito ba on position 4 minus his errors on position 3. A Wilcoxon Test showed 
two-tail) e significantly greater for condition D (T = 605, N =25, $ < 0-01, 
dñ plese feature of Figure 4 is the fact that for all mixed conditions, performance 
similar r ically different items is unaffected by the presence of acoustically 
dissimila E The similar items, however, appear to be easier when mixed with 
k T letters. The reason for this asymmetrical effect is not clear. 

than a V gives clear support to an address hypothesis of retrieval, rather 
generali ickelgren’s associative hypothesis. Experiment VI aims to explore the 
ty of this result by using sequences of words rather than letters, and auditory 


Tat! : 
her than visual presentation. 


EXPERIMENT VI 


from the two basic sets used in Experi- 
A (DSDSDS), B (SDSDSD), 
tegory were selected at 


M, 
ment poa Sequences of six words were made up 


E (DDpr, hey comprised eight sequences of each of four types, 

DD) and F (SSSSSS). Words from the appropriate ca 
vith the constraint that a word could not occur more than once in any sequence. 
quences were made into eight trial blocks, with each block containing the four 


typ 
es 3 
S of sequence in random order. 


ee to write their responses on a prepare 
c. later, the next sequence. Subjects were encoura} 


and t rane 
Were vinseximize response availability the tw " 
sible throughout the session. The subjects were 24 housew1 


el 
and were tested in a single group. 
Results 


ves from the A.P.R.U. 


ne results are shown in Figure 5. Again 
ilarity, with all subjects, making more 
The within sequence effects also agree 


Scori Y 
there E was again in terms of errors and tl 
S a large overall effect of acoustic sim 


error. . i 
With po condition F than in condition E. nce € 
Xperiment V in that errors occur predominantly on similar items. This was 


see 
Por a assessed by comparing scores on items, I, 3 and 5 with scores on 2, 4 and 6. 
made oe A (DSDSDS), one subject made more errors on I, 3 and 5, five subjects 
(SDsp same number, and 18 made more errors on items 2, 4 and 6. For condition 
DSD), the reverse occurred, with 23 subjects making more errors on items 
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The overall picture presented b 
V in two respects, however, 


items are of approximately the 


riment 
mila! 


presentation, or larger sets of i 


Eas ere: 
lists in Experiment V always contained every item). The second striking nsistently 
is the much greater recency effect in Experiment VI, where the last item is CO’ pis 


: sest: 

the easiest in contrast to Experiment V where the early items are ER 
greater recency effect is characteristic of auditory presentation ar ei d 
Murdock, 1967), though in this case it may also be due to the fact that $ tion 


enta 
Experiment VI were not Specifically instructed to recall in the order of pres 
as they were in Experiment V., 
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Discussion 
Both experiments show a marked tendency for errors in mixed lists to occur on 
rather than after acoustically similar items, a result which is clearly incompatible 
with the phonemic-associative hypothesis proposed by Wickelgren (19650). This is 
Perhaps not surprising when one considers the relative magnitudes of the acoustic 
Similarity effect and the repetition effect on which the explanation is based. Acoustic 
Similarity consistently produces a massive effect whereas the repetition effect which 
Teflects the associative hypothesis in its purest and hence presumably strongest form 
1S a relatively small and variable determinant of overall level of performance (Wickel- 
gren, 1965c). The strongest evidence for the associative hypothesis comes from 
intrusions (Wickelgren, 1966) in a study which does not cite overall level of per- 
Same Interpretation of intrusions must always be somewhat equivocal since 
ey may simply represent an attempt by the subject to fill in gaps in his recall and 
may thus reflect guessing habits which may have little connection with the recall 
Process (cf. Conrad, 1960). 
ow then does acoustic similarity influence short-term serial recall? We have so 
T considered seven hypotheses, three in terms of the input process, two in terms of 
ig and two retrieval hypotheses. Of these, only one is consistent with the data 
th ar. Assuming that the various experiments have been adequately performed, and 
they are fair tests of the various hypotheses, we can rule out six possibilities. 
t 2 does not of course mean that the remaining exp! 1 
Simply means that it has not yet been proved incorrect. In its present form the 
though it is capable of expansion 
which in turn should 


I ao ] 
pothesis is certainly too vague to be satisfactory, 


ches to produce a number of more detailed sub-hypotheses, 
uce a model of increasing specificity. 


The author i i d analysing the results of 
5 is grateful to Mrs. A. J. Hull for carrying out and analy ; ri 
Experiment V aA to Dr. N. S. Aa and Dr. R. Conrad for useful discussion. 
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The 
number n 
a of s i ii 
(pount eee — recalled in addition to a sentence can be used to measure th 
bre requires less space nce occupies in immediate memory. Generally an active sent : 
Sentene experiments it AE tat spra ena Se in the 
ces of n at when subjects w zit 
: only o jects were resented with 
Tee needed to y 5 pee form, there was no longer a difference in the bie be 
thaPPeare d skon thet and PN sentences. However, the difference between K and PN 
material was still ense of the verb in successive sentences was varied, even though 
ese results Se prened in a block of either all K or all PN sentences. 3 
interpreted as suggesting that subjects were remembering words 


and hi 
trang ases from : 
‘ansf each sentence rather than deriving kernal strings and remembering 


Ormation tags. 


Tea INTRODUCTION 
isti a number of studies supporting the behavioural relevance of the lingu- 


c noti 
lon of e A 
transformational generative grammar. Sentences that are more 


complex 

; on F 

Le, grammatical measures are found more difficult for people to handle, 
(Mehler, 1963). There is also 


to 
evidence ne nig (McMahon, 1963) or remember 
ason (19 i te eee factors affecting the evaluation and retention of sentences. 
affects the ti as shown that the way in which subjects encode a S 
Slobin (ro 66) | it takes to assess the truth or falsity of a statement about the display. 
has shown that children find passive sentences much more difficult 


timulus display 


ihn subject. 
etor ; e age 
Psychologica] — exists the possibility that effects attributed to syntax are due to 
actors which may not be primarily linguistic at all. For example 
It could follow 


1s know: 
n eee 
from this fo familiarity affects ease of retention (Dale, 1967): 
vill be Tem at if people are more familiar with some types of sentence, such sentences 


embered more easily. 
ered in accordance with 
riment by Savin and 
hich subjects could 
For syntactically 
Savin and Percho- 
eory measures were 
loyed. The present 
n those derived from 
tt n order to si y ffects for sentence retention. 
the simple o simplify the argument only two syntactic forms will be considered, 
NOt” ince active indicative (K) and the passive transformation with the negation 
(PN) Was ns between the auxiliary and the main verb. The passive negative 
orains osen because it is a particularly difficult construction, involving two 
i Savin ons, and required the most memory space of the sentence forms considered 
tes in the a Perchonock. The advantage of using such a difficult construction 
and per fo act that there are large differences between performance on such sentences 
rmance on active sentences. If a certain amount of this difference is 


tences are rememb' 
comes from an expe. 
They measured the number of words W: 

mbering a sentence. 
mber fewer words. 
transformation th 


equi 
i 
ee Valent in ter i 
ms of the behavioural measur 
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lessened, for example as a result of practice, there should still be an appreciable 
difference remaining that is the effect of the two transformations. 

The following series of experiments first establishes that the material and pro- 
cedure used give differences between K and PN, then various modifications of the 
procedure are examined. 


GENERAL METHOD 


Subjects heard a sentence, followed by eight words, and were required to write aawa 
the sentence and as many words as could be remembered. 30 sec. after the last wore 
was given, subjects were told to turn over the page and 5 sec. later the next zeat 
was given. There were 21 tape-recorded sentences such as: The guard stopped the poe 
The meal was not prepared by the cook. The man believed the doctor. The money W 
not given by the government. 


. : so 
to lessen this, categories were used from which 21 different words could be presented, 


A : Parr . j i h 
helping subjects to distinguish new from old items. Those of Savin’s categori pe 
of one 


1 vi 
left an interval of 5 sec. However, tae T 


of only 


between K and P 
en K and PN greater. Therefore The words 


I sec. was left between the presentation of the sent i rds. 
were presented at the rate of 1 per sec. pn oe 


General procedure 


the wrong category names, 
Subjects 
Men and women volunt 


mal 
: r cers from the subject panel of the A.P.R.U. were used I? o 
cree Their ages ranged from 20 a Go; with the majority being in the 307 


Materials 


Experiment IA 
Procedure 


Following the first three PN sentences two 
scrambled order of K and PN sentences. 


vith 2 
groups of subjects were presented 'pjects 


A sentence that was K for one group of S" i 
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would be PN for another, and similarly the PN sentences were reversed. This was done 
to ensure that the differences in number of words recalled could not be due to variations 
in the content of sentences. Forty subjects took part in the experiment, 18 in one group 
and 22 in the other. 


Results and discussions 


The mean number of words remembered following K sentences was 3°62 (s.d. = 
0°87) and following PN sentences was 3:21 (s.d. = 1101). A sign test carried out on 
the means of K and PN for each subject indicated that this difference was reliable 
beyond the 1 per cent. level on a two-tailed test (N = 40, x = 8, z = 3°64). 

These differences are in the same direction as those obtained by Savin and 
Perchonock (1965). Therefore it might seem justified to assume that the materials 
and procedure being employed here are not substantially different from those used 
by Savin and Perchonock. However, the actual mean values obtained in the two 
experiments are somewhat different, particularly for the active sentences. Savin 
and Perchonock report a mean of 5:27 for K and 3-48 for PN. There may be many 
Teasons why the figures obtained by Savin and Perchonock are generally higher 
than those of the present experiment (different sentences, different words, different 
Subjects), but it seems more difficult to account for the much greater discrepancy 
with respect to the active sentences. Perhaps having the first three sentences PN 
created a “set” which, in spite of instructions about the form of the remaining 
Sentences, made the processing of K sentences relatively more difficult. But such 
k ae might be expected to make the processing of PN easier and there is no evidence 

or this, ' 

In a later experiment, Savin (1966) has argued that subjects require time to process 
a sentence and that if the word list is given immediately after the sentence then the 
Observed decrement is due to both processing factors and storage factors. If this 
1S So, one might expect that the differences between K and PN would be enhanced as 
2 result of shortening the interval between the sentence and the list of words because 
on a transformation theory PN sentences require more complex processing than K 
Sentences, 


EXPERIMENT IB 


l In order to check on the effect of having a gap betwe 
ist, Experiment IA was repeated with a 5 sec. gap betwee! 


A further 34 subjects took part in this experiment. 


en the sentence and the word 
n the sentence and the words. 


Results 


The mean number of words remembered following K sentences was 3°94 (s.d. = 
13) and following PN sentences was 3°52 (s.d. = 0-98). . Again a sign test carried 
out on the mean K and PN scores for each subject indicated that the difference 
between the two sentence forms was statistically reliable beyond the 1 per cent. 
Evel on a two-tailed test (N = 34,.% = 7, # = 3°26). 
Comparing these results with the data obtained from Experiment IA bears out 


Savin’s suggestion that the gap between the sentence and the word list increases 


€ number of words recalled but, contrary to expectation, there was a similar 
improvement of 0°32 


Improvement for the two sentence forms; for K sentences an 1 


Words and for PN sentences an improvement of 0:31 words. i neie 
here are at least two possible explanations of the failure to find differential im- 


Provement as a result of the delay between the sentence and the words. Either the 
Processing time” is so small a part of the 5 sec. interval that it has no measurable 
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effect, or else subjects, when asked to remember and reproduce a sentence verbatim, 
do not process the sentence in accordance with the predictions derived from 
transformation theory. y 
Experimental evidence bearing on the first of these alternatives is equivocal. 
Miller and McKean (1964) obtained a processing time of 1:34 sec. when subjects 
were required to transform PN sentences into their equivalent actives, but Slobin 
found a difference of only 0-82 sec. in the harmonic means of the times to assess the 
truth of K or PN sentences. Therefore it is possible that the x sec. gap used above 
may have been sufficient to allow full processing of each sentence, in which case no 
additional effect of prolonging this interval between the sentence and the words 
would be expected. However, Gough (1966) reports data in support of the second 
of the alternative explanations being suggested. He found no effect of having 
eithera zero or 3 sec. time interval between a sentence and the presentation of a picture 
either confirming or disconfirming the sentence. On the basis of his results Gough 
concluded that complex sentences were not reduced to their underlying structure 
the moment they were heard. P 
Although it is not possible to choose decisively between the alternative explanations 
of the present results, the main purpose of Experiment IB was to see if the procedure 
adopted in IA (i.e. having the words follow the sentence directly) lessened the observe 
differences between K and PN. Since it did not and since there were theoretica 
grounds for thinking that the procedure might enhance the effects of syntax it was 
decided to continue using the 1 sec. interval between the sentence and the word list. 


8 sentences 
wer 


all PN, or, after the first none 


three PN, all the re i K. This © 
from the earlier procedure of scr. eet Ee tin OF 
a ambling t] o that I ety: 
test session each subject could have pon he order of K and PN was made s Thirty 
Six subjects were 


Practice with a given syntactic form. 


Presented with K sentences and 35 had PN sentences. 


Results and discussion 


7 
ords recalled following the first 18 K sentences meres 
sentences was 3-84 (s.d. = 0-36). Although it had 


s 
each sentence, a sign test indicated no reliable beer 
seven sentences the i s and 0 
PN group were highest. The more sensitive Wien om hae test also showe 
no differences between the groups (obtained T = 53; for significance at the 5 Pe eT 
level T<4o). Furthermore the difference in indicates © 
tendency for more words to be re ee 
fore it seems necessary to conclud 
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of on. . s 
TA ee = form there is no difference in the storage space required by K 
eo oi expoumpnt was intended to examine practice effects, this is clearly 
AE TE ere were no differences between K and PN at the start of the experi- 
— — the result obtained from the second block of 21 sentences is not 
and PA na = in detail, but there were still no significant differences between K 
ae e end of the second block of 21 trials. 
Entei e enes between K and PN should disappear when subjects are 
Tasio h —— of only one type is capable of several interpretations. 
tence theorists could argue that the experimental situation serves as the 
all the foe Po since the subject knows which transformation will apply to 
acas — e will hear. That is to say, if subjects do not need to use storage 
ea ediate memory to retain the transformation, then K and PN would be 
eae. occupy the same amount of space. 
See interpretation, derived from the notion that PN sentences are difficult 
with K se = are unfamiliar, might be that as a result of a more frequent encounter 
thet BF ce subjects develop an expectancy for such sentences. This implies 
Stark ne cts are in fact as capable of handling PN as they are K, but they generally 
Sderot p the wrong foot by expecting K. : On this assumption, scrambling the 
presentin and PN as in Experiment I capitalizes on the expectancy effect, whereas 
i m pea of only one type eliminates it. : 
onsiderf possibility is that subjects remember specific words in the sentence. 
eating for example the PN sentence frame “the. . . was not... by the... .” When 
TEN entences of only one syntactic form this sentence frame is redundant. 
iiie rei necessary to store in immediate memory the words filling the blanks. 
: ere will be three words for both K and PN sentences there should be no 


ow in the storage space required in either case. 
J was found possible to distinguish between the effects of the redundancy of 
ansform and the redundancy of the sentence frame in a further experiment. 


EXPERIMENT III 
correct, or if subjects were using the experimental 
SE saae then introducing variation in the word ordering 
ie essive sentences while still presenting subjects with blocks of sentences of 
far syntactic form should give the same results as Experiment II. On the other 
this pi subjects had been capitalizing on the redundancy of the sentence frame, 
Peco ould be impossible once variation in word ordering was introduced; in which 
he difference in number of words remembered after K and PN sentences might 


aga; 
Sain be observed. 
Procedure 


Ifan“ ; TERP 
ši hate expectancy” explanation 1s 
1on as the transformation store, 


ee II was repeated with two modifications. 
a) Each subject heard only 21 sentences, instead of 42 as in Experiment II; but as 
in Experiment II, following three PN sentences the remaining 18 sentences 

© were either all K or all PN. 
) The tense and mood of the verb in successive sentences was varied, i.e. “was 
as BS “might not have 


not... by,” “will not be. - - by,” “had not been . $ 
been . . . by,” but across the two conditions the form of the verb in each sentence 
tence 7 was future in both K and PN (e.g. 


was the same, i.e. the tense of sen 
The family will give the party. The party will not be given by the family), 
whereas the verb in sentence 8 was in the simple past tense in both K and PN 
(e.g. The village feared the chief. The chief was not feared by the village). 
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Comparison of the two PN sentences just given shows how varying the form of 
the verb disrupts the sentence frame “The ... was not... by the..." Not 
only is the verbal auxiliary itself varying but also the location of ‘‘not”’ is now 
indeterminate; sometimes it immediately precedes the main verb, sometimes not. 


Results and discussion 


The mean number of words remembered following K sentences was 3°51 (s.d. = 
0-36) and following PN sentences was 3-12 (s.d. = 0:29), a difference statistically 
reliable beyond the I per cent. level on a two-tailed sign test (N = 18, x = 2, 
z = 3°07) when comparison is made of the performance on each sentence in the two 
conditions. 

These results would seem to suggest that subjects were remembering specific 
words in Experiment II, since variation in the tense of the verb would not prevent 
the experimental situation still serving to store the syntactic transformation tag, 
if this is what subjects had previously been doing. 


GENERAL Discussion 


It can be argued that it is unreasonable to expect the theory of transformational 
generative grammar to account for data on sentence retention Chomsky has ma = 
a clear distinction between competence and performance models (Chomsky, 1957): 
between what a person is capable of and what he does, and transformation theory is 
intended to be a model of competence, not of performance 

Nevertheless, as was mentioned in the Introduction, there have been instances 


from the competence model. For exam t i 
npe i P eS ad 
strong prediction that sentences of os cas aus cee 


measures are equivalent on behavioural 
fhat oe estimates of the space required for say the passive (P) transform” 
helio ~~ e ne from noting the difference between K and P, N and e 
=o ata = hey also report that estimates of the space required to stor 
from N or K A A wW T comparable regardless of whether the transformation V nn 
Sea i Hines to K. Such data would seem to suggest that very i o 
ee ts competence model is necessary to accurately predict features 
p nce. But the present data fits less easily into the picture. 


» When these are presented in blocks of syn tio 
d for within the framework of transformat! 


red as a ke i ation ta. 
rnal string and a transform ation 


ation 


tactically 


Of course it is arguable that the results of Experiment II should be discounted 
we 


remembering particular words then they 
ntence; in which case transformation t a 

main difficulty that such argument encoun” fs, 

entences can be remembered and rep" 


n 
sE arger linguistic uni be certa! 
that this is not true of all sentences. Dna ali aa 
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De pan the point is well taken that the experimental situation in Experi- 
eras may have been such that subjects had available, and made use of, strategies 
R aaen thak are not typical of sentence retention in general. Perhaps the 
ee i elence against this criticism is to compare performance across the three experi- 
aia For the K sentences there was little difference in the mean number of words 
r mbered in Experiments IA, I and III; the mean scores were 3°62, 3°71, 3°51 
bee Whereas for the PN sentences the differences were much greater 
a oe the experiments (3:21, 3°84 and 3:12). The similarity of performance on 
ee sentences might be interpreted as indicating that subjects were performing 
ieee essentially similar manner throughout these experiments. Accepting this 
ak rpretation means that the results of Experiment II must be accounted for in 
rms that are generalizable over all three experiments. 
> explanation in terms of subjects remembering words or phrases might imply 
ae subjects were able to capitalize on the greater redundancy of the PN sentences 
sl procedure of Experiment II than in the procedure adopted in the other experi- 
and oe For the K sentences the redundancy concerns only the two definite articles, 
this sentence frame was in fact the same throughout the three experiments. 
Or the PN sentences the additional redundancy concerns the phrase “was not . . . by.” 
D phrase was redundant only in Experiment II. Therefore it might be the 
ce occupied by this phrase that results in the available memory space generally 


ing less after PN sentences. 
or so explanation in terms of subjects rememberin, 
Sune that Savin and Perchonock o 
Wer ormations. Nevertheless, further support for t u t 
y s not transforming” the original PN sentence comes from the data obtained in 
eo IB, where it was not possible to detect a difference between the two 
Meer forms as a function of introducing a delay between the sentence and the 
it w list. If the sentences were undergoing processing of different complexities 
earn seem reasonable to expect that the delay would result in a greater improve- 
No ais the number of words recalled after PN sentences (the more difficult to process). 
of K ifferential improvement was found, and this implies no differential processing 
and PN sentences. 

com netefore, taking this series of experiments as a whole, it would seem gee 
ace petence model of transformational generative grammar did not always lea a 
su ~ predictions of performance. Nor was it evident that any modification © 
of 5 a model would suffice to account for the present data. This raises the question 

Whether it might be easier to encompass sentence retention within a psychological 


ho of retention rather than within a primarily linguistic theory. For example 

P € retention of phrases might correspond to the “adopted chunks’ of Tulving pai 

ines (t962). Already McNulty (1966) has shown how usefully the notion of 

re ted chunks can be applied to the retention of verbal material H yaoi DE 

10n to Engli D i 67) has shown that when subjects are trymg o 
eee, ana Epe in 7) hat help them to “chunk 


e 
tae syntactically structured but anomolous sentences, cues t 
the material increase the number of words in the sentence that can be recalled. e 


ese was greater for syntactically more complex sentences, passives and nominal- 
ie lons, than for simple active sentences; a finding that ties in wit} S 
Nretiment II above, where marked improvement in performance with the difficult 
Sentences was noted. ; 
Epstein obtained his “chunks” by segmenting the material at phrase junctures, 
na 1S results could be taken as support for the notion that syntax affects sentence 
tention by altering the phrase structure o hich in turn determines 


g specific phrases might not account 
bserved in the effect of different 
he suggestion that subjects 


f the sentence, W. 
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into how many “chunks” the sentence is broken. The general relationship ree 
aed d both number of “chunks” and the number of “items per chun w 
Aa by Mandler (1967). It would require further eap nimentanen a 
establish whether or not, so far as sentence retention is concerned, bee rca 
can validly be considered as perhaps three “chunks (NP-VP-NP), wit me Jog) 
of “items per chunk” for K sentences being respectively 2-1-2 (The cat-saw ae 
and for PN sentences being 2-3-3 (The dog-was not seen-by the oie | 
difficulties may prevent any straightforward application of the “chun an Mice 
for example it may be quite untenable to assume uniform difficulty among bees 
within a “chunk.” Indeed there is evidence (Roberts, 1967) that poa PERT 
subject to forgetting than adjectives or adverbs. Nevertheless the Ja A dee d 
present experiments supports the suggestion that sentence retention can be helpfully 
from the vantage point of the psychology of retention, and is perhaps more ren 
viewed in this light than from the standpoint of a linguistic theory of compe 


I am very grateful to Dr. A. 


3 š din 
D. Baddeley for suggesting the modification adopte! 
Experiment III. 
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eae experiments were carried out to investigate the difficulty of making the contra- 
that oe from conditional sentences of the form, ‘SER then g” This inference, 
in thee i follows from not-Q, requires the transformation of the information presented 
expecti onditional sentence. It is suggested that the difficulty is due to a mental set for 

ing a relation of truth, correspondence, Or match to hold between sentences and 


st; A 

lies of affairs, The elicitation of the inference was not facilitated by attempting to 
„cuce two kinds of therapy designed to break this set. It is argued that the subjects 

“formal opera- 


did not gi A § 7 ts > s 
tional ia of having acquired the characteristics of Piaget’s 


INTRODUCTION 


z Ae investigation is concerned with the difficulty of making a particular type 
fo erence from conditional sentences, statements of material implication of the 
1m, “if P then Q” (PD Q). 
Within the propositional calculus the truth table for the conditional counts 

€ following combinations of the components of the sentences as true: PQ, PQ, PO 


(where B stands for not-P and © for not-Q), and only the one combination, PQ, as 


f . . 
alse. Tt follows that only values of P and values of © allow a valid inference. 
ility of meeting 


Saar words a valid inference depends crucially upon the possibil 
By alsifying contingency, PQ. It rests simply upon the denial of this contingency. 
., Comes out true whether it is associated with Q or © ,and Q comes out true whether 
oee lated with P or P. For example, suppose someone says, “if Jobn isa 
Tok broker, then he is bound to read the Financial Times.” If John isn't a stock- 
opin? OT if he does read the Financial Times, the conditional statement (to the 
ane) is inevitably true. But if he is a stockbroker, or if he never reads the 
Site Times, then there are grounds for verifying or falsifying the conditional 
P Sment. Hence, logically, only two forms of inference are valid: PDQ and 
Tee Q” (modus ponens) and “PD Q and Q... P” (modus tollens or contrapositive). 
ding other two forms of inference, “PD Q, and P . . . Q” (denial of the antecedent) 
PS Q and Q... P” (affirmation of the consequent) are fallacious. 

I an a task consisting of sentences expressed in everday terms the author (Wason, 
4) has shown that the affirmation of the consequent occurs significantly more 
of wuently than the denial of the antecedent. In an abstract task the occurence 
all four types of inference has been. investigated in a pilot study (Wason, 1966). 
sta, Subjects were presented with the following sentence, “JE there isa vowel on one 
€ of the card, then there is an even number on the other side,” together with four 


aads each of which had a letter on one side and a number on the other side. On 
front of the second a consonant 


( € front of the first card appeared a vowel (P), on the 
> On the front of the third an even number (Q), and on the front of the fourth an 
W number (0). The task was to select all those cards, but only those cards, which 
Ould have to be turned over in order to discover whether the experimenter was 
ying in making the conditional sentence. The results of this study, and that of a 


Nolication by Hughes (1966) showed the same relative frequencies of cards selected. 
f Q, only a minority select 


carly all subjects select P, from 60 to 75 per cent. select ) : 
and hardly any select P. Thus two errors are committed: the consequent is 
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a at . k will 
; 7 and the contrapositive is withheld. This type of tas a 
i re the ‘‘selection task.” bey ante = legis cre | 
s a z often persist for 15 trials, even w 5 
ae ener Hees ad evaluate the conditional sentence with | 
urn ov 
S | 
ao cbt these results has been postulated (Wason, 1966). m 
on two E The first assumption is that individuals are not mo 
by the rules of the propositional calculus. They implicitly assume tala on P with 
sentence can have three outcomes or truth values. PQ is true, PO fa — Sepasi 
ither Q or Ọ is irrelevant. This interpretation is not original: it has be explains 
i the history of logic since the Stoic and Megarian schools. The assumption ER 
=< the consequent is affirmed—dQ is selected in order to see whether it is An Se 
with P making the conditional true. It also explains why the ye er e 
infrequently denied—P is irrelevant to the truth or falsity of the senten S 
The second assumption explains the infrequency of the contrapositive 1 - biased, 
why P is so seldom deduced from Q. This assumption is that individuals ee af 
through a long learning process, to expect a relation of truth, correspo. nce truth 
match to hold between sentences and states of affairs. In adult experie sition OF 
is encountered more frequently than falsity, and we seldom use a geen ntic 
judgement that something is false in order to make a deduction. ioe Bs andl 
concept of falsity is logically equivalent to the syntactic concept of nega inate d or 
has been shown that both cause difficulty when sentences have to be ev apts are 
constructed (Wason, 1959, 1961; Wason and Jones, 1963). Both cone pi state 
relevant to the selection task. A value of Q represents a mismatch between match 
of affairs visible on the card and a clause in the conditional sentence. This ae clause 
has to be recognized as such by transforming the information in the relevan oa 
from Q to. In other words, a state of affairs (x) has to be seen not sony i ty by 
as Ọ. In doing this the individual presumably makes a judgement of a doin 
uttering a covert negative sentence to himself. The difficulties involved k +0. 
all this are assumed to be sufficient to account for the relative failure to Se “a o 
According to this theory the affirmation of the consequent—the deducti “emains 
from Q—is a plausible inference. But the withholding of the contrapositive ment ane 
irrational and is consequently a factor of much greater interest. The P he pias 
vestigation is concerned with the effects of therapies designed to correct 


ae ig > f the contra 
towards truth or correspondence, and thus facilitate the elicitation 0 
positive inference. 


EXPERIMENT I 
The projection of falsity 


It was predicted that if individuals were to “project falsity,” i.e. to paition® 
values, if any, associated with the given values, P, P, Q, Ọ, would make a © 


: rt 
sentence false, then they would more readily select O to determine wheta pich 
sentence was in fact true or false. P. is the only value, associated with aa ject 
could make a conditional sentence false. Hence if individuals were to P 
on to a value of Q, they might be more likely to select Ọ as informative. 


Method 


y what 


à task- 
j x tion 
Design. In the experimental group the subjects first carried out a selec ther 


wher. 
They decided which of four cards (P, P, Q, Q) would enable them to derenin e bags 
a given conditional sentence was true of false, if they were to know the ae of the card f 
of the cards. They were then invited to say what values, if any, on the pa the cards, ! 
would render the sentence false. They then revised their initial selection © 
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they wi b 

EA x st ‘odo so, ani finally evaluated the sentence with respect to the values on 
aT our cards, i.e. they turned over each card and evaluated the sentence as 
of wajecting age toit. In the control group the procedure was similar, but instead 
a RE i y t e subjects were simply asked to think again about their initial 
wrong.” , ie. to revise them, “because people often do this task too quickly and get it 


Subj ; ia 
A, ae a megea first year psychology 
Material. Tw iti 
(x) “If ¢ E EWO conditional sentences were typed on separate cards (5 in.): 
isa 3 ape on one side of any card, then there is a 3 on its other side,” E xi ge 
ere Wea ak ki ce of any card, then there is a D on its other side.” These two sentences 
with each A control for the order in which the two items were mentioned. Associated 
(1) had the penge were four cards (2 X 2 in.). The cards associated with sentence 
on their e E letters and numbers on their front, and (in brackets) the following 
(2): 3(D) k (3), 3(K), B(5), 7(D)- The following cards were associated with sentence 
only one Fe (3), 5(B), D(z). It will be appreciated that both sets of cards conform to 
P(Q), Q(B) DO two possible combinations of values of the antecedent and consequent: 
Bede (Q), O(P). The other combination was not used: P(O), Q(P), P(Q), O(P). 
dually, Ha Š The subjects were allocated alternately to the groups and tested indivi- 
tence (2) 2 on subjects in each group were tested with sentence (1) and half with sen- 
line in Ta e sentence was placed on the desk and the four test cards were placed in a 
that eet order face upwards in front of the sentence. The subjects were told 
selection a letters on their front had numbers on their back and vice versa. In the 
whether tenes zA the experimenter pointed to each card in turn and asked the subject 
sentence E what was on the other side would enable him to find out whether the 
e experime i or false. During the projection of falsity, in the experimental group, 
on the oth nter pointed to each card and asked the subject to name a letter (or number) 
do so, er side which would make the sentence false, or to say “none,” if none would 


and statistics students of University 


RESULTS 


boar mbna both in the control group, seeme 
Table ns and were hence rejected. 
task for ‘A I and I show the frequency of th 
ately tha i e experimental and control groups respectively. It will be noted immedi- 
tendenc f by comparing the frequencies in the diagonal cells, there is a greater 
group rd or the initial and revised selections of the cards to conform in the control 
Selectin, Ginn the experimental group. Inspection shows that the frequency of 
Tom ty z w increases over the task from five to eight in the experimental group and 
e fa ie to three in the control group. lection of Ọ would 
cilitated significantly in the experimen 

i j id not select Ọ initially, 

ject it. But of 
Thus the 


d unable to comply with the 


e responses in the different phases of the 


a eight, only three included a v: 
it is dl of falsifying the values canno 
Teo” means effective. 
Values 4 I shows that the most freq 
Rect , P,Q, O). But only one of t 
cai y selected all four values in t 
or Bl falsification did not render all the value table 
© Tes Pay the sentence. The invitation to project falsity in these cases seemed 
qu ult in an arbitrary or indiscriminate response which had no bearing on subse- 
A behaviour. 
Spl be noted that P and Q is se 
timental group (eight cases) and in the 


ty was on to all four 
ble for doing this sub- 
It is evident that in 


alues acceptable for testing the truth 


uent projection of falsi 
he six subjects responsi 
heir revised selection. 


Jected with the greatest frequency in both the 


control group (10 cases). 


276 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


TABLE I 
FREQUENCY OF INITIAL SELECTIONS, PROJECTIONS OF FALSITY AND REVISED SELECTIONS 
IN THE EXPERIMENTAL GROUP 
a —Ő—— mM 


Revised selection =, 
Initial Projection N 
selection of falsity PQ | P| POO PPQ PPQO PO | N b 
P O 2 I 3 8 
W Q PPQQ 4 I > |= 
P Q 5 I 
P P S I I 4 
p Q I I 
PPOO I a 
p 7 I I 
P Q9 P Q I 1] 3 
P QQ I E (eee 
I 
PEQ P ie) Z| [eos 
= P @) I e 2 
PPQQ P Q 5 I > 
eee | 
N 9 I 2 o 2 4 |18 18 
[la ee eee 
TABLE II 
FREQUENCY oF INITIAL AND REVISED SELECTIONS IN THE CONTROL GROUP 
Revised selection Se 
Initial a 
selection Pi 5 
Q P PQ PP PQQ PERG | = 
P Q 9 ‘ 10 
pee ORRE) ona 
P: I 2 3 
eee S| | 
P ra Ş w a= wi ee | I 
PB I 
= 2 mE 
P QO F I 
PPOO o 
N Io 2 a si = = 16 


Table III is the fre 
as true, false or irreleva: 
It will be noted that the author’s theo 
ation of the PQ, PO and PO contingencies 
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. TABLE III 
REQUENCY OF THE EVALUATIONS IN THE COMBINED GROUPS 


PQ PQ PO PO N 

g f f i 15 
¢ i f i 9 
t f f t 3 
t t f t 2 
t f f f 2 
1 f £ i I 
t {Í i i I 
t i t i d 

34 


t = true, f = false, i = irrelevant. 


interesti ‘ 5 
ting because, on the revised selection, P was selected only four times out of 
r tendency for it to 


34, ES 
i ae when it is associated with Q there is a much greate 
This e as relevant to the falsity of the sentence. 
for the aera has shown the inadequacy of projecting falsity as a therapy 
even Derion ation of the contrapositive inference, and that some subjects cannot 
which se e therapeutic exercise. Two further pilot studies were carried out 
Presented te ed one interesting phenomenon. In the first study the four values were 
hey did n a separate trials and a few subjects, when presented with P and Ọ, said 
sentence S need to turn these over because they already falsified the conditional 
values whi A the second study the subjects were asked to pick out only those 
subjects s “* could break the rule” (ie. falsify the conditional sentence). Four 
claimed _ only values of P and O and refused to turn them over because they 
fo trea is was useless. “Tt doesn’t make any difference—the two I have chosen 
anion, the rule. ’ “There is no rule regarding that card (P).” Thus in a small 
adequ y of subjects the concept of something following a rule appears to be in- 
ately conceived, for to know what could follow a rule is to know what could 


break that rule. 

Th EXPERIMENT IT 
e . . 

restricted contingency programme 


o was predicted that if subjects w 
our contingencies with respect to a 


ere initially allowed to evaluate examples of 
additi given conditional sentence, and were, in 
ion, told that only one contingency falsified the sentence, then they would 


Sub: 
sequently select values of Q within the same task to a greater extent than those 
The term, “restricted,” is used because the in- 


V 

ee not had this experience. oe 

make a of this programme was not to teach the truth table for the conditional, but to 

teas he subject aware that only the PỌ contingency falsified the sentence. It was 
oned that if the subject knows in advance that Ọ is crucial for falsification, then 


e mi ; a : 
might select it as potentially informative. 
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Method 


i ied out 
Design. The experimental group first received the programme and then ps aoa ae 
a selection task with the same material. The control group carried out a selec 
without receiving the programme. 


= s zai h. 
Subjects. Twenty-six first year psychology students at the University of Edinburgh 


Material. Two conditional sentences were typed on separate cards silan tor 
used in Experiment I. (1) “If there is a square on one side of the card, then a ‘etl 
red scribble on the other side,” (2) “If there is a red scribble on one side of a A So 
there is a square on the other side.” Four programme cards were prepared for t oe E 
mental group which had the following stimuli on either side: (a) square, yellow 4 


jangle 
(hexagon), (e) green scribble (rectangle), (f) Parellelogram (yellow scribble), (g) trian8 


n 
(red scribble), (%) blue scribble (square). It will be appreciated that these cards represe: 
both combinations of values of the ante 


cedent and consequent: P(Q), P(Q), P(Q), P(Q), 
Q(P), QP), O(P), GP). 


Procedure. The subjects were allocated alternately 


In the experimental group the conditional sentence w: e car 
programme cards were handed to the subjects who were asked to pick out ‘‘the on ae 
which makes the rule false” (i.e. falsifies the conditional sentence). They were ten their 
to pick out any which “prove the rule true.” It was explained to them tha rule 
decisions meant that the converse of the sentence could not be assumed—‘‘that nn 
only held one way.” The subjects in the control group were given a similar amou 
time to understand the conditional Sentence without any explanation of its meaning. 

The selection task had three Phases which were the same for both groups. 


f i ` in a 
Phase 1. The eight selection task cards were placed on the desk front side UP hose 
random array, and the subject was as 


1 ked to pick out “all those cards, but only 
cards, which would show you, if you knew what was on the other side, that the ru 
true or false.” 


our 
as presented and the f 


e was 


ected 


Phase 2. The subject was asked to turn over all those cards which he had sel oves 


and evaluate the conditional sentence with respect to each: “tell me whether each Pf 
the rule true or Proves it false.” 


. s ie 
project falsity on to the residual card ue) 
ot been selected. Each pair of cards (representing the sam “cou 
was pointed to in turn, Starting with the Q cards, if these had not been selected: 
anything on the back o 


RESULTS 


$ r t the 
imental group all the subjects picked ou 


In the Programming in the exper: icked 0Y 
nly falsifying instance, and they all pic 


PO card without hesitation as the o 


Table IV is the frequenc 


c -a task 
y distribution of the choices made in the selection 
for both groups. (All subj 


- fan 
ects were consistent in picking out both instances ° 
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TABLE IV 


FREQUENCIES OF VALUES SELECTED IN BOTH GROUPS 
a 


Experimental | Control 

group group N 

P g | 6 | 6 12 
P 5 4 9 
P 9 I I 2 
PP | 1 | I 2 
PPQO | o I I 
| 26 


TABLE V 


FRE 
QUENCY OF THE EVALUATIONS OF THE CONTINGE 
OF FALSITY ON RESIDUAL VALUES IN THE 


NCIES AND OF THE PROJECTION 
COMBINED GROUPS 


Evaluation Falsification 
ee task task 
P 
= 9 | $o PỌ PO P Q fo) N 
P 6 


t T = 


Note that no P column is included under falsification 


ta 
true, f = false, i = irrelevant. 
jects selected P. 


because all sub: 
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7 ides of a selected card. An empty cell in the falsification 
ach heey pape ns a value on the front of a card, associated patel 
had been selected (and evaluated), and hence was no longer available “oh wa 
tion of falsity. A dash ina cell means that a subject denied that any va es i eel 
with the value in that cell, would falsify the rule, and an entry of a va i teal 
means that it, associated with the value in that cell, would falsify the ny Enon d 
be noted that the selected values, other g P which was always selected, c 

ty cells in the falsification task. i jd 
to paap ga k interest to note that six out of a possible 17 en P 
to say that P, projected on to Ọ, would falsify the rule; and that Ha om that no 
subjects, who had ag ine nar RO eee the rule, subsequently 

iated with P would falsi: e rule, ate 
o of the 24 subjects, win had not selected Ọ, said that they were aw 
of having made a mistake in the selection task. 


GENERAL DISCUSSION 


dja aking 

The results show that two kinds of therapy do not facilitate the act o ae 

the contrapositive inference, the selection of Ọ, but they do show gaa ects: 
considerable interest. The selection task was not meaningless to the 


jects 
deceptively easy. Its real meaning, the challenge which it implies, escaped ee 
to a large extent. But the selection of P and Q, which is so resistant to 


a 
correspondence to hold between seni al 
ns corroborate the theory. ‘You E peing 
on’t make any allowances for any of ie ones 
“A tule is a rule, so looking at it frankly pout my 
on the back.” “TI feel very unhappy 4 qin.” 
hoose the same ones if I had to do the teed uP? 
stead of falsity before he could be prevai 
das 
et for truth inhibits the perception of a ca to 
is recognized as such it is not alway: ai cent. 
In the results of the combined experiments 16°7 P er cent: 
Q. But of those who do not initially select it, 30°6 2 This 
o it as a means of falsifying the conditional sentence. mber 


It is a reasonable inference that this sı 
being an exemplar of 9. Even when it 
make a deduction, 
of the subjects select 
fail to project P on t 


; ; 5 in to lo 
the drift of the subjects’ Teasoning is apparent the logical discrepancies beg!” d 


i turne! 
more plausible. P(Q) and Q(P) come to the same thing when the cards are 
over: they both verify the rule. 


verify the rule—hence it must fals; 
side of P which would falsify 
side which could verify it. One 
that a rule is confirmed whene 
(x); and suppose initially one has 


the rule because there is nothing on Suppo? 
might risk a general statement about this. another 
ver one state of affairs (y) depends upo obtain’ , 
access to either x or y but not both. Ify is 
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a there is an expectancy that x will be found to have been associated with it, 
av yer i the rule; but if x is found not to have been associated with y, we 
at tempted to say that the rule has been refuted. However, if initially x is not 
* ained, no such expectancy is generated, and we are less inclined to say that, 
y were to follow, the rule would be refuted. And if y is not obtained initially 
nothing seems to follow about the rule at all. 
Pi The results, however, are still disquieting. If Piaget is right (Inhelder and 
eo 1958), then the subjects in the present investigation should have reached 
Bae stage of formal operations. A person who is thinking in these terms will take 
H ount of the possible and the hypothetical by formulating propositions about them. 
riaa be able to isolate the variables in a problem and subject them to a combina- 
Sow analysis. But this is exactly what the subjects in the present experiment 
di gularly fail to do. The variables in the present tasks are abstract but they are 
Se sho and susceptible to symbolic manipulation. Could it then be that the stage 
li formal operations is not completely achieved at adolescence, even among intel- 
Igent individuals? 
It may not, however, be the concept of implication which causes difficulty so 
i as its customary verbal guise: “if P then Q.” That form of words suggests 
i t the consequent follows the antecedent in time, or even that there is a causal 
elation between them. Other expressions have been tested. Hughes (1966) 
rts shown that the logically equivalent expression, “Q if P,” causes, if anything, 
ven more difficulty. But implication can be formulated with simpler logical 
connectives, e.g. “P or Q” (either not-P or Q), “-(PQ)” (it is not the case that P and 
not-Q). P, N. Johnson-Laird (personal communication) has reported that the 
Mode of formulation makes a considerable difference when the contingencies have to be 
evaluated. We intend to test these and other formulations to see whether similar 


p erences can be detected in selection tasks. This problem may be generalized. 
S it the formal structure of rules which is responsible for their difficulty, or 1s it 
© words with which we express these rules? And if the latter, what words illuminate 


he structure? 


sity tt Particularly i my colleague, Dr. P. N. Johnson-Laird, for an invaluable 
A of earlier ee. I should) also like to thank Dr. Margaret mere 
ene Mr. Roger Wales, of the University of Edinburgh, for kindly organizing the = jes s 
deb generously giving me facilities for conducting Experiment Il. Fina y: oN : 

t to my subjects. Their interest and enthusiasm has been a source of constan 
Stratification, . 
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HANDWRITING, TYPEWRITING AND HANDEDNESS 


BY 
K. A. PROVINS* and D. J. GLENCROSS 


From Departments of Psychology and Physical Education, University of Adelaide 


i P ië 
The performance of two groups of 20 trained touch typists and one group of 20 M 
typists was tested on seven different typewriting exercises. Three of these exercises W 


A comparison of handwriting performance with the preferred and non-preferred hands 


INTRODUCTION 

In a recent review of the literature on handedness and motor skill (Provins, 1967), 
nce in the relative performance of è 
hich involve the execution of s 
occur between the two sides where re 
an important factor. These results i "he 
of differential training or usage of the 
y and to represent a special category ° 


it was concluded that there is little or no differe 
right and left sides on a variety of tasks wi 


J u 
received approximately the same amo hich 


. . i uie 
systematic practice on the task at all. The mT 


n the 


TYPEWRITING EXPERIME 


Method NT: SERIES I 


Two groups, each of 20 subjects 
typists with a mean age of 28 years ( 
training experience of 46 


A touch 
were used. One group comprised trained ost- 
ranging from 17 to 50 years) and with a me with 4 
years (and a minimum of 6 months). The other grouP 


* Now at Department of Psychology, Australian National University, Canberra. 
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m i 
aa pa 2 24-4 years (ranging from 17 to 32 years) had had no formal training at typing 
who used beige non-typists. In the trained typists group there were two subjects 
left-handed ae hape for handwriting, whilst in the untrained group there were three 
technical staf. f e subjects were obtained from university clerical, academic and 
oe consisted of seven short typing exercises. Details of these exercises are 
to lines ae Te the appendix. The first exercise consisted of the repeated typing of 
3 (words) a familiar sentence involving all of the letters of the alphabet. Exercises 2 and 
Ùo Walter constructed so that each involved one half of the keyboard only (according 
approxim sae 1958) and employed words made up from letters which occurred with 
Pratt i ately the same frequency in the test as they occur in normal English usage 
in Tan Exercises 4 and 5 (letters) comprised groups of five and six letters arranged 
Althea the ont each test again only involving the letters on one side of the keyboard. 
at the o de groups of letters were different in the two exercises, they were arranged so 
zerdiso z er of fingering required was identical for the right and left hands. Finally, 
o require and 7 (tapping) utilized the home keys only for each hand and were designed 
ree li e repetitive operation of the four fingers on the same side for each line of the test. 
little fi nes of each of these two exercises employed a fingering sequence from index to 
nger and three lines were typed in the reverse order, each fingering sequence being 


u: 
a on alternate lines. 
appro; Exercise I, subjects were asked to type in thei 
aha priate. For Exercises 2, 4 and 6, however, they wer 
estricti, type the letters, and for Exercises 3, 5 and 7, on 
Amager Ane placed on the hand used to type the numbers or to opera’ 
> return. 
of an ects were told that although their results would be analysed for errors, the emphasis 
er e test was on speed of typing. Each exercise was timed separately and half of each 
while tne 20 subjects carried out the tests in the order: Exercise 1, 2, 3, 4 5, © and 7, 
e other half completed the series in the order: Exercise I, 3, 2, 5) 4 7» 6 


rusual way employing both hands as 
e only allowed to use the right 
Ti ly the left hand, although no 

te the space bar and 


Ci 


Results 

The time taken (in sec.) for each subject to complete each exercise and the number 
lues and standard deviations for 

rained and untrained groups, 

of the results.) 


c TABLE I 
OMPARISON OF MEAN TIMES (IN SEC.) AND ERRORS MADE BY TRAINED TYPISTS TO 
TYPE THREE DIFFERENT EXERCISES WITH Eacu Hann (SERIES 1) 


Words Letters Tapping 
Times | Errors Times | Errors | Times Errors 
Mean : 
R. M. 111-6 | 8-8 123°2 124 1278 13°2 
ead S.D. | 3r11 | 5°95 29°12 8-30 | 32°58 8-97 
a d Eht L M. 96-0 76 1230 9'2 I2I*I 10'4 
x E S.D. | 19°89 | 5°75 29°96 | 848 | 24°94, 7'41 
bet Parison All typists t 4:23**| 0°83 0-09 1-74 2-24 174 
tween (n = 20) # 0:89**| 0°42 o-94** o57* o-93** 0:62 
"and L, R.H. typists t +g0**| 0°62 o-19 1:75 2'14 1:77 
x 0-90**) 0-58* 0:93** 0:58* 093 059 


| 


4 Signif. at 0-05 level. 
Signif. at o-or level. 


284 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


TABLE II 


T PE 
COMPARISON OF MEAN TIMES (IN SEC.) AND ERRORS MADE BY Non-Typists To TY 
THREE DIFFERENT EXERCISES WITH EACH Hanp (SERIES 1) 


a a a T 


pin, 
Words Letters Tapp pie 
; è * Errors 
Times Errors | Times | Errors | Times oem 
Mean R. M. | 279-2 22 | 292-5 2-7 = | 1613 ae 
values for S.D. | 94-62 2:29 | 67°55 1-93 39°39 23 
right and L. M. 269°8 24 315°5 371 173°1 Baa 
left S.D. | 97:55 | 1-93 | 67:32 | 2-43 oR ern Pee 
Comparison All non-typists ¢ 137 | 0°35 3°81**| 0-64 3°80"* ihe 
between (n = 20) r 0:95**| 0:29 0-92**| 0-20 o-o4"* io 
R. and L. R.H. t 0-81 0°25 3:28** 0-66 3:23** wee 
non-typists # 0-96**) 0:33 o:91**| 0-20 0:93**} © 
only (n = 17) 
ee eee 


* Signif. at 0-05 level. 
** Signif. at o-or level, 


Using a paired comparison ¢ test 
between the performances of the right and left hands of trained typists (Table 
The left hand was significantly faster both at the speed of typing words ($ only 
and the speed of repetitive tapping ($ = 0:05). This finding was still true when ists 
nsidered by themselves. With the non-tyP he 
tight hand were significantly better baer ). 
he repetitive fingering sequence (tapping Phere 
nt for the 17 right-handed non-typists- 
en any of the error scores. of the 
-moment correlation tests between the performances in 
It can be seen that the times taXt 


ly so. Significant correlations between pert crit a- 
found with the non-typists, but the only significant 
easures was on the tapping task. 


» à Tepeat experiment was conducted on trained typists 
closely matched for age 


TYPEWrITING EXPERIMENT: SERIES 2 
Method 


Twenty trained touch-typ: 


e 
A mploy 
ists who were memb iversity staff were CME rage 
as subjects. They hada mea: oe e an 


N age of 20-2 years (ranging from 17-27 years) an 
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of 4:1 years (with ini 
a a minimum of 6 months) post-training experience. Tw j 
used their left hand for handwriting. ip ie i meo N o> 


gy Sok i A 
o procedure, methods and typewriting exercises were identical with those reported in 


Results 


Te results of this repeat study were remarkably consistent with the findings of 
previous experiment and are summarized in Table III. 


TABLE III 


Com 
PARISON OF MEAN TIMES (IN SEC.) AND ERRORS MADE BY TRAINED TyYPISTS TO 
TYPE THREE DIFFERENT EXERCISES WITH Eacu HAND (SERIES 2) 


Words Letters Tapping 
| Times | Errors | Times | Errors Times | Errors 
Me i 

Value f R. M. 96:93 590 | 106-91 g:71 | 115'80 | 12:00 
right « oF S.D. | 35°9 43 292 666 | 227 |21-46 
left nd L. M. 85:00 4°25 109°65 8-75 | 112:08 6:05 
Ci ; S.D. | 102 43 29°8 6°76 I7'I 3°96 
ot parison All typists ¢ 479] 199. | Tso | 208 | 738) 154 

i iiey (n = 20) y | 084**| 0°63* 0-96**| 0-81** 0:85**| 0:83** 
L. RH. typists ¢ 425**| 1°57 rig | DIt r34 | r68 

only (n = 18) 7 0:84**| 0°64* 0:96**| 0-92**| 0'51 0-86** 


Rh Signif. at 0-05 level. 
Signif. at o-or level. 


Once again the left hand of these trained typists tended to be superior in per- 
in this experiment 


Saar but the only difference which reached significance 1 i 

subjec the speed of typing words. This was still true when only the x8 right-handed 

on aad Were considered by themselves. As with the first experiment, performance 

W e right and left sides is significantly associated. The correlations between the 
© sides for all time and error measures were significantly positive, except one. 

so ae results of this second study, where age is controlled, and the initial study are 

in ` ike that any confounding influence due to age may be considered to be relatively 
Significant, and the results of the two series will therefore be discussed together. 


Discussion 


thi It is worth noting that no significant differences in errors were recorded between 
€ performances of the two sides on any exercise by either the trained typists or the 
that any differences recorded between 


thee of non-typists. It is therefore fair to say 

Wo sides in speed of performance were not at the expense of accuracy. 

ae evaluating the relative speed of performance on the two sides, quite clear-cut 
erences were found between the typists and non-typists on each of the three 


g ercises, For the letter and tapping exercises the non-typists showed a highly 
s Bnificant difference between hands in favour of the right side whereas the trained 
Ubjects showed either no differences on these exercises or a significant difference in 
avour of the left hand. On the word exercise, however, no differences between sides 

h typists showed highly 


Were displayed by the untrained subjects whereas the touc 


Significant differences in favour of the left hand. 
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It is suggested that the most likely explanation for the different pia 
performance shown by the typists and non-typists may be sought in aa mee 
training histories. For the letter and tapping exercises, there were lit d, due 
differences found between the sides for the touch-typists as was <> ‘ight 
presumably to the equal amount of prior practice with each hand. T ye oe 
tendency (but nevertheless significant one in Series 1) for trained typists be i 
otherwise right-handed to perform better with the left hand in the tapping peer 
perhaps a little surprising, but may be due to the fact that the left ure: atid 
somewhat more practice than the right in normal typewriting work. The allo Ae 
of letters between the two hands means that in typing English with the ee at 
keyboard, the left hand is required to type over 56 per cent. of the total num ze, it 
strokes performed in any given text (Hoke, 1922; Dvorak, 1943). tirthe ia 
appears true to say that in normal typewriting, the left hand also receives we ds. 
greater practice in the letter sequences which are used to make up complete struct 
Certainly in devising Exercises 2 and 3, it was found to be much easier to com ace 
complete words for typing with the left hand than for the right. Thus the aie 
exercises probably presented the experienced typist with more familiar Pae 
sequences and the tapping exercises more practised movements on the left side ably 
the right. In contrast, the serially random nature of the letter exercises prO 
minimized the extent to which previous training of this sort could be employe®- 

No such considerations concerni 
the non-typists. For these subjec 
on typewriting forced them to t 
skills they possessed, and as thes 
people, they performed these exe 
a similar explanation may apply 
letter and tapping exercises were desi 
for fingering sequences and frequency of usage fi 
effect could not be achieved with the word test. 


to 
ng previous training or usage on the task ae oe 
ts, it seems likely that the lack of specific tra nilar 
ry to transfer to this task whatever other To 
e were better developed for the right hand for 


7 ‘ rises 
rcises better with that hand. For the word exe the 


. i efor 
€ touch-typists than for the non-typists. It 1s sa ed 
have contributed in some way to the effec = TOT gular 
c rch can determine the importance of this pê 
variable. 
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HANDWRITING EXPERIMENT: SERIES 3 

Method 

es Eighty subjects were tested on a simple handwriting task. The sample consisted of the 
Wo groups of 20 trained typists used in the experiments in Series 1 and 2. The remaining 
s subjects, of mean age 22-0 years (ranging from 17 to 32 years) were non-typists in- 

uding 19 from the control group used in Series 1 and 2. 
tas qhe task involved writing out the alphabet in pencil from a to z in small letters 
Nae it were one word) six times as quickly as possible. The subject was allowed to write 
ie Fe at twice for practice purposes with each hand and he was told that while 
b sibility was necessary, the emphasis was on speed of execution. The subject was timed 
hare of a stop watch and after the exercise had been completed with the preferred 
eee he was told how long he had taken and then asked to repeat what he had just done 
h the other (non-preferred) hand. 


Results 


The ¢ values and correlations for the comparisons between the means of the 
Preferred and non-preferred hands for each group of subjects are summarized in 
Table IV. From this table it can be seen that for both the typists and non-typists, 
& marked superiority of the preferred hand in speed of handwriting was recorded. 


TABLE IV 


COMPARISON oF MEAN TIMES TAKEN (IN SEC.) BY Typists AND Non-TyPIsTS IN 
SING PREFERRED AND NON-PREFERRED HANDS TO PERFORM HANDWRITING TASK 


— (SERIES 3) 
| Typists 
Series 1 Series 2 Non-typists 
(n = 20) (n = 20) (n = 40) 
Preferred hand M. | 
| 


No M 
n-preferred hand I. 
D 


** Signif. at o-or level. 


For this task, correlations of 0°54 and 0-29 were found between the performances 
Of the two sides for the typists of Series I and 2 respectively and a corresponding 


Correlation of 0-60 recorded for the control group of non-typists. 


Discussion 


The highly significant difference 


aie as predicted, and may be ascribed to the previous 


s between the two sides for all subjects is, of 


differential training of the 


Wo hands on this task , 
The positive correlation between the level of performance achieved with each hand 
Parallels the results found for the typewriting task. However, the effects here are 


not so marked, although two out of the three groups showed highly significant ane 
lons between the two sides. These effects will be considered together with the 


Ypewriting results in the General Discussion. 
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GENERAL Discussion 


It has been shown previously that in simple motor tasks, such as tests of muscle 
strength (Roberts, Provins and Morton, 1959) and accuracy of reproduction of pressure 
(Provins, 1956), no differences in performance between the two sides may be recorded. 
Similarly, it has been shown that in motor tasks demanding considerable serial 
organization of muscle activity, no differences between the two sides are evident if no 
training or practice has been possible on either side (Provins, 1956). On this latter 
test of skill (tapping with the big toe), training or practice was presumed to be equa 
on the two sides and minimal. In the present typewriting task for the touch typists, 
previous training was considered to be the same for each hand and maximal (i-¢ 
overlearned), with results again showing little or no difference between performances 
on the two sides. Where differences occurred, these were in favour of the (mainly) 
non-preferred hand for handwriting and were most likely to be due to differences 1P 
difficulty of the exercises for the right and left hands and/or the slightly greater 
practice which the left hand receives in normal typing. ‘ 

In tasks requiring motor skill and where differences between the two sides 10 
previous training is known or can be assumed to have occurred significant differences 
in performance between right and left limbs have been demonstrated in earlier 


T (Provins, 1956; 1958) and again in the handwriting experiment reporte 
ere. 


This finding could well be explained by P that i 


an 
It has been shown previously that dull ney 


y differentiated (see for example, Walton, Ellis € 
pie, i t 
n other words, there appears to be a reasonable basis for sugs® the 


acquisition of mo 
c 
man 


With i 
aiea ne oe a anity for the acquisition of motor skill, the level of perfor™ pjs 
training RAE 'ndividual in a motor task appears to depend on the extent ° pas 
weenie or similar tasks and that in so far as the training of the two S1 an 
een dissimilar, then the levels of performance achieved on the two sides are dissim? 
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Roya APPENDIX 
Xercise y 


SA The quick brown fox jumps over the lazy dog. 
2. The quick brown fox jumps over the lazy dog. 


(Sentence repeated 10 x = 10 lines altogether) 
Exercise 2 
I. inulin imply hobo phylum hooky pink humbly bloom hunk pinion hilum pony 
2. inulin pease hobo Pirim hooky pink humbly bloom hunk pinion hilum pony 
(12 words repeated 5 x = 5 lines altogether) 
Exercise 3 
I. vaster screw stag access draft fact scared dwarf vest 
2. vaster screw stag access draft fact scared dwarf vest 
(12 words repeated 5 x = 5 lines altogether) 
Exercise 4 
Onmjlu yikhp pknoyl imjhu lujkmp hnioy jmbko; uilny hlopjm viykn 
canara yl imjhu lujkmp yj zop t pm 
1ymjhu pknlo polyiu njmhk mnpjil khyuo mpkjou ihlyn unohyp iljkm 
(Both lines repeated in reverse order = 4 lines altogether) 
Exercise 5 
Wexfsr tedgq qdewts exfgr srfdxq gcewt fxgdwq resct gswqfx retde 


ctxfgr qdesw d xqdfwr egste rewgtq esidx 
qwster cfxgd xcqfes gtrw xqdfiw: 
(Both lines repeated in reverse order = 4 lines altogether) 


Exercise 6 

;lkj ;lkj Dey ej kj -lkki Tki 1j 10s) djs) STG Ss) ;lkj 

H kj ;lkj ;lkj ;lkj ;lkj ;lkj;1kj;1kj;1kj ssf Tj SUS TS) A 2D a g: 

Hed ted edhe hehe le Uff kjk sd gd 1 fh 
(Both lines repeated alternately 3 X = 6 lines altogether) 

Exercise 7 


dagger frets weft 
dagger frets weft 


= dfasdfasdfasdfasdfasdfasdf 
Gfasdfasdfasdfasdfasdiasdfasdiasd tae ee et ra safdsafdsafdsafdsafdsa 


fdsafdsafdsafd fdsafds 
safdsafdsafdsafdsafdsafdsa: i 
(Both lines repeated alternately 3 X = 6 lines altogether) 
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SHORTER ARTICLES AND NOTES 


INVOLVEMENT OF NECK PROPRIOCEPTIVE SYSTEM - 
VISUAL AFTER-EFFECT FROM PROLONGED HEAD TIL 


BY 


R. H. DAY and N. J. WADE 
From the Department of Psychology, Monash University, Melbourne 


4 ; those 
Judgements of object orientation after prolonged head tilt differ reei EA tilt 
made before tilt. This visual spatial after-effect was investigated with la indicate that 
relative to the upright and supine body. The data from two experiments bis two DO! 
the magnitude and direction of the visual after-effect does not differ under sed to 
postures. It is concluded that the proprioceptive system of the neck, as OPP 
otolith system of the utricle, is involved in the after-effect. 


INTRODUCTION 


viron- 
In the upright posture a dimly lighted line in an otherwise dark or feature ete ito iv 

ment can be accurately adjusted to the vertical (Mann, Berthelot-Berry an al head tilt 
1949; Neal, 1926). With head upright following a 2 or 3 min. period ok leter prior tilt 
with eyes closed apparent orientation judgements shift in the direction 3 dissipation 
relative to pre-tilt judgements (Day and Wade, 1966). The development anı The after- 
functions for this visual after-effect are exponential (Wade and Day, 1968). tion for the 
effect as a function of angle of tilt is opposite in direction to the angular functi when 
effect which occurs during tilt. 


igui t, V 
It is assumed that the systems mediating the efe oti 
stimulated for prolonged periods, undergo adaptive change and give rise to the OP. 

directed after-effect. 


oni 
he neck. The otolith organs respond to that con frrincker, 
at right angles to the longitudinal axis of the hea 


If, however, the head is 
organs remains constan: 
after-effect following hea 
system other than that a: 


EXPERIMENT I jade, 


. . i d 
Po Mapes studies of the visual after-effect from prolonged head tilt (Day 2 
1966; Wa 


de and Day, 1968) the subject's task was to adjust a bar of light in an © 
dark room to the vertical while sea 


pat 
h of the "10 
present experiments were for adjustment Pere is at 
Preliminary observations had shown that ct uptis! 


‘§nments to the vertical and to the body axis with the subje 


Consequently, the ins 
to alignment with the body axis. 
difference between ali 


Method 


Nine 
; jects. ~ 
Subjects. Twelve members of Monash University participated as subjec 
were male and three female, jar frame 
Apparatus. Lateral head tilt was controlled by a projecting rectang" f pts an 
pivoted on a crossbar b 


or 
etween rigid steel tubes to which adjustable head aee could p 
individual dental composition bite-boards were attached. The angle of head ulu to 
measured to the nearest 0-2 5° by means of a protractor scale. The visual sine fron ne 
was a 150 mm. X I mm. line of light (0-15 mlam.) which could rotate in & P oting fre 
parallel to the subject. The stimulus object was supported on a larger prO] 
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a. 

ae oe to the steel tubes) 100 cm. from the subject, who could adjust its orientation 

AR a switch which activated a I r.p.m. synchronous reversible motor. The 

OP. Tha is adjust the line manually, and read its orientation to the nearest 

aahi whole apparatus could be rotated through 90° to accommodate either an 
ght or a supine subject (Fig. 1), and was situated in a dark room. 


FIGURE I 


Experimental arrangement showing subject in upright posture with head tilted (left) 


a * $ 
nd supine with head and body aligned (right). 


o° Procedure. The subject made five adjustments of the bar (from starting positions 
o od 10° clockwise and anti-clockwise of the body axis) to apparent body axis prior 
u ies lateral 30° head tilt. During the head tilt the subject's eyes remained closed. 
One of er adjustment was made upon returning the head to alignment with the body from 
Silas eae above starting positions. A single post-tilt adjustment was used since the 
ay ect dissipates rapidly on returning the head to the normal position (Wade and 
sing] 1968). The difference between the mean of the five pre-tilt adjustments and the 
ngle post-tilt adjustment was the measure of the after-effect. Each subject was tested 


N ] 
vith right and left head tilt in both upright and supine positions in balanced order. An 


TABLE I 


AND VARIANCES FOR UPRIGHT AND SUPINE PosTURES 


M 
EAN AFTER-EFFECTS (DEGREES) 


Experiment I 
Upright Supine 
Mean A g? ye ai 1:773 1:936 
Variance 5 sei sa 0:718 7443 
Experiment II 
Upright Supine 
Mean ge ce aes ne 1:883 2'145 
Variance : x2 0-296 0842 
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interval of 5 min. between trials ensured dissipation of the after-effect before commence- 
ment of the subsequent trial (Wade and Day, 1968). aa 

Results. Since there were no significant differences between the magnitudes oe 
after-effects from right and left head tilt (¢ = 0-767, p> o-05 for upright, t = aye 
Pp > 0-05 for supine) the two were combined for each posture. The mean after GUE 
the two postural conditions are shown in Table I together with the variances. pie 
mean was significantly different from zero (t = 7-131, p < ooox for upright, ¢ = 2'3 

0-05 for supine). d 

4 thew was ae P ees difference between the after-effects for the upright and supine 
postures (¢ = 0-152, p > 0°05). 


EXPERIMENT II ith 
The variance for the supine condition is large relative to that for the ups S 
twelve untrained subjects. In an attempt to reduce this variance difference a s$ 


; k 0 
experiment was conducted using a small number of subjects highly trained in the tash 
adjusting the light bar to the body axis. 


Method 


j ent 
Subjects. Four male graduate members of Monash University Psychology Depati 5 
were subjects. Each subject had participated in a number of previous exper 
involving visual judgements of orientation. 


Apparatus. The apparatus was the same as that used in Experiment I. menti 
Procedure. The procedure was essentially the same as that used in Exp went and 
except that 20 after-effect measures were obtained for each subject, 10 while uprig 
10 while supine. Five sessions were required for each subject. ean 
Results. The after-effects from right and left head tilt were combined and the ™ 0 


als 
after-effects for the two postures together with the relatively small variances are t= 
shown in Table I. Both means were foun | 


d to be signifi ly different from 2¢T \ ot 
6-259, p < o-or for upright, ¢ = 4072, p < ignificantly differ ere 
from each other 


ae i 
0°05 for supine) but not significantly firm 
(E = 0-482, p > 0-05). Thus data from the second experiment 60? 
those of the first. 


ybiel, 1952). These data provide additiona s 
stimulation of the neck and otolith system as from 


system alone in the supine position. ing and 
_ These results accord ‘with neurophysiological Cohen. 1961; McCouch, eg 55) 
dnt wee ae ae cal (Cope and Ryan, 1959: Gray, 1956; Weeks and Trav? jy tbe 
ich show that the ki i e ical joi d po F 

e aN maad <inaesthetic systems of the cervical joints (and P 
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AN INQUIRY INTO 
INAPPROPRIATE CONSTANCY SCALING 


BY 


H. J. JEFFREY 
From Department of Psychology, University of Sheffield 


; in 

The importance of acute or obtuse angles in the Poggendorff illusion may be Soe 

Figure 1. Where the angles are reversed the illusion is reversed; where the angles | o 
removed the illusion disappears. It is difficult to interpret these effects in term 


FIGURE 1 


primary depth features (Gregory 1963), unless les a ry 
I gory, y one accepts that acute angles 
preted as right angles perceived in depth, independent of the mo e aion Grego it 


i $ 8 re! 
argues that primary depth cues actin accordance with “typical and not necessarily app? in 


5 S. 
n with regard to disproving his hypothes!- ears 
seen that the “distant” part of the figure apr ent 
as presented in this way there would be no ap. Given 


ue ain tpl in as much as the acute angles appear not necessarily to ol cues 
H ARTES the Cate ters rather act in accordance with their function as a ge e t 
; per illusion although reduced flict with tae Zd tha 

pei Saar uom a a ere not reversed in the sari way. oy eae be maintained put 
e typical” function of prima: d : riatener”? yo 
these Zidina qualifications SB cues counteract even their approp Certainly y 


i ae ‘ t size 
With illusions of extension, e.g. Müller-L it is difficult to acC°P ions 
constancy as an explanation once iti d Dübel, it is dife ten 


296 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


to each end of a line or linear area increase its perceptual length. Thus one may create a 
figure in which depth cues such as masking or perspective are absent without reducing the 
illusory effect (see Fig. 4, comparing a with b). What does seem significant is the area 
of the extensions. Thus if they are expanded horizontally (e.g. from squares to elongated 
rectangles) the area between them reduces as a function of the expansion until the illusion 
of overestimation disappears. If they are extended vertically, the horizontal distance 
between them remains overestimated, i.e. the illusion persists. ` 


_ The above findings are substantiated by a series of experiments incorporated in a 
dissertation submitted to the Department of Psychology, Sheffield University. 
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THE TIME-COURSE OF PREPARATION WITH 
REGULAR AND IRREGULAR FOREPERIODS 


BY 


PAUL BERTELSON and FRANÇOISE TISSEYRE 
From the Laboratoire de Psychologie, Université Libre de Bruxelles 


d shown that the temporal information 
fter very short foreperiods (FPs). The 
ether this result was contingent on the 
7, the subject heard a warning click 


i premon experiment (Bertelson, 1967) ha 
Pres E E by a warning signal affected RT even a 
Predict Sapenment was carried out to examine w! 
which ability of the FP. After a 5 sec. waiting dela € 1 
Dani followed after a predictable (regular procedure) or unpredictable FP (irregular 
msec ure) by the visual signal calling for a choice reaction. The range of FPs was 0-300 
simila again. The time course of the adjustments triggered by the click was found to be 
Tea a under both procedures. The main conclusion is that a shift from preparation to 

ction can occur at any time and need not be programmed before preparation is started. 


INTRODUCTION 


In a previous experiment (Bertelson, 1967), the time course of preparation was studied 
ifferent short foreperiods 


b 

po ying the stimulus calling for a choice reaction preceded at d D 
of FP. y an auditory warning signal. The regular procedure was used for the presentation 
ada: ae each duration was always presented for a run of trials, allowing the subject to 
after as well as he could to that particular value. Effective preparation was found even 
o very short FPs like 5o msec. This was taken as evidence that a signal can be attended 
eens used as a time cue, without starting a refractory period of the order of duration 
that y found after signals calling for an immediate reaction. It led to the suggestion 
mitt Preparation is not a process which engages central decision mechanisms in an inter- 
Sin way, or, in other words, that when preparation is under way, the analysis of the 
ulus need not be delayed till it is completed. , ? 
wheth a preliminary comment on this result (Bertelson, 1966), the question zas ae 
dela: j r it was contingent on the predictability of the FP: to be able to switch wi og 
Pre y from preparation to reaction, is it necessary to know beforehand, i.e. at the momen 
Paration is started, when the stimulus will come? i F 
Tegula the following experiment, the effects of the same FPs will be compared un ae 
War. ar and under an irregular presentation procedure. The time of occurrence : i . 

ee signal itself was made highly unpredictable, as in the previous experimen hc 

i time only by the use of a long constant waiting delay. The experimental he a 
in ered on details only, such as the fingers used to respond, or the installation of the su ject 

an isolated cubicle. The main differences between the two experiments are the subjec 
fpPulations (students instead of sailors) and the fact that they now worked under monetary 


incenis ( i 
centive, with an explicit payoff matrix. 


METHOD 
ided by two neon pea-lamps mounted at 


) behind a vertical panel of dark-blue 


Apparatus. The reaction stimuli were prov 
o signal the beginning of each trial. 


an N 
age rizontal distance of 2 cm. (between concn b 
, at about eye-level. A third lamp was use 4 1 
i was situated 10 cm. below the stimulus lamps. Responses were given by pressing opo 
Wo horizontal keys, placed 1 on which the two index fingers res ed 
Permanently (critical pressure: about roo gr.). The click providing he rig a an 
aS delivered th u h ear hones measured with a Marconi r E 
is tenuator was aboni poe above threshold. The subject was installed abe pens 
Olated from the noise of the programming equipment, so that no masking had to 


@pplied i x 
i <peri t to him over an interphone. mi 
Pean oe renter activated a starting switch. An experimental 


A trial st eee 
i art zhen the experime! n ; i 
aie oer ship Ra Swine Goquendt (a) 100 msec. fani in m oe paaened Le 

ai ing delay; mie lick; (d foreperiod ; (e) onset of one of the two 5 las ; 
eee then Oe eee eal ths PiE the following trial. On a control oa no click was 
Pplied, and the stimulus came immediately at the end of the waiting delay. 
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The waiting delays and the FPs were controlled by timing units using ünijunc Han 
transistors, which gave an accuracy better than 1 per cent. RTs were measured Eo 
dekatron timer with a 1,000 cps. time-base. The sequence of stimuli and also, in 
irregular condition, of FPs were programmed by a Creed 8-bank punched tape a 

Subjects. Eight male university students participated in five sessions each, one 10 
morning and one in the afternoon of successive days. They were paid for their serv è 
at a fixed hourly rate, plus a bonus depending on the number of “fast” reactions (S 
below) and of errors, one error being worth five fast reactions. E 

Procedure. The regular condition involved the same procedure as the previous expe a 
ment. At each session, one block of trials was run with each of the seven FP durations: 


consisted of 12 errorless trials, of which the last 10 only provided the data for the analysis. 
The order of the eight blocks was organized in latin squares. á nd 
Under the irregular condition, experimental trials with the different FP durations a z 
control trials were administered in random order, with equal relative frequencies. 15 
trials were given at each session. ed 
Session 1 was devoted to practice under the two conditions. The data were gather 
during sessions 2-5. For each subject two of these sessions were run under the regular @ 
two under the irregular procedure, in alternated order. 
Knowledge of results was given after each trial, 


, s, + i us 
“slow,” meaning faster or slower than the mean RT with the same FP on the prev! 
session. In case of error. i i 


330 


Type of trial: 


Control Exper- 
imental 


Procedure: regular A e 


320 


w 
so 


irregular A o 


8 


Reaction times (msec) 
Y 
38 


8 


270 


uw 


Percentage errors 
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RESULTS 


The analysis was base i 
5 do j i 
subjects and peter) aps as sees en! = subject, session and FP. Averages over 
the Eo = ae ps paa with Tanak click), no systematic difference between 
S observed. res, e general level nor in the evolution with i i 
mental trials ha is confirmed by the results of a variance analysis A totaal. wet 
So is the FP a. mns, The interaction between FPs and procedures is man-aignifeant: 
coal Sonat in jacis interaction, but the FPs produce a highly significant variation 
Cuive is much s and 42 d.f., p= 0-001). The fact, apparent in the figure, that the 
Better icontrol for the irregular procedure can probably be attributed to th 
NEER pd in-sessions order effects which this procedure entails. 3 
© in both proced ials give longer RTs than the corresponding experimental trials at FP = 
and is thus ot nee The difference is in both cases shown by every individual subject, 
much bigger s cant beyond p = oor by a simple sign test. The mean difference is 
Tn fact, eee msec.) under the irregular than under the regular (16 msec.) procedure 
Procedures ae a Jage (24 msec.) difference between the control RTs under the two 
Re vere e difference is again shown by every subject. 
observed o entages errors are also shown in the Figure. 
n control trials, and very few on experimental trials. 


Practically no errors were 


(1) The , DISCUSSION 
wanine e a a conclusion is that the time course of the adjust: i 
Š justments triggered by a 
moment cen the same whether the FP is predictable or not. Aane A of ie 
Place, If the Ha of the stimulus is not necessary for efficient preparation to take 
Switching ea ysis proposed in the introduction is accepted, this means that the 
any moment ARCE n to reaction need not be pre-programmed, but can occur at 
(2) The , the RT depending of course on the amount of time spent preparing. 
RT ETA must not be taken as contradicting the well-established principle that 
owledge et time-uncertainty. The independence of preparation course from fore- 
st of course be expected only over a very short range of FPs, like the one 


considered : 
in the present experiment. With such short FPs, itis presumably advantageous 
delayed preparation 


always t 
Would Pinoy preparation immediately. If longer FPs, for which 
re beneficial, were included, the subject would have to choose a strategy for 
demonstrated by Drazin (1961) might 


Startin 
5 picks bt Ti and range effects of the sort 
to occur in the irregular condition. 


(3 
) If foreknowledge of the duration of the FP seems 


Tegardin 
rding the fact that there will be a warning click or not is very important. This is 
e RTs on the no-click control trials under both 


forehand that no click 
ome extra time to 


to be irrelevant, information 


tint has been suggested by one referee that some tendency to expect the click might 
Where it urred also on the control trials of the sessions run under the regular procedure, 
is tee a have been transferred from the preceding blocks of experimental trials. 
e experi account for the longer RTs observed on these control trials, compared with 
less on s imental trials with Fp =o. A transfer effect must normally be felt less and 
uccessive trials of a control block. This reasonable prediction, which was made 

s, corresponding to successive 


è 

contro} tag referee, has been tested by computing mean RT: 

< rials, over the eight subjects No trend for RTs to get shorter was observed. 
ve) explanations suggested in the previous 


his ] 

Paper: (a) only the two (not mutually exclusi 

ifferen, a) a central warning effect of the peripherally simultaneous click, permitted by 

Teacti ces in conduction times, and (b) an immediate facilitative effect of the click on the 
ion to the light. 

FP is of the sa 


ieee The reduction of RT with increasing 5 
tion of S experiment, but it is now obtained without the important increase in the propor- 
RT is errors that accompanied it. In the irregular condition, the whole reduction 1n 
negli oly obtained after 100 msec. and the corresponding percentage errors is 
Bible (0-5 per cent.). The possibility that the increase in speed was due solely to a 

d, and in a much more satisfactory way than 


Change ; 
thr &e in strategy can now safely be exclude 
” which had been applied. The smaller number of 


O “ e é 
ugh the “correction for guessing 


me order of magnitude as in the 


300 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


errors in the present experiment is probably an effect of the use of a payoff matrix which 
discouraged wrong reactions. 


(6) The slope of the RT-FP curve has now been found in two separate experiments to 
be about 0-25, over the 0-100 msec. interval. This can be interpreted as a sort of trade-off 
function between preparation and reaction. The efficiency of preparation is only one 
quarter that of reaction. It means that if one adopts the simple view (e.g. Bertelson, 
1961; Le Ny, 1956) that preparation consists of “doing in advance” some of the operations 
involved in reacting, one must add that they are done much more slowly. 


This work has been partly supported by the Belgian Fonds National de la Recherche 
scientifique under the form of a “Crédit aux Chercheurs.” The data were analysed unde 
contract 612 with the “Fonds de la Recherche fondamentale collective.” 
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RESPONSE DECREMENT AS A FUNCTION OF EFFORT 


BY 


GLORIA F : 7 = 
A sere WATNE VINEY, JAMES KNIGHT and NEIL JOHNSON 
yom Washington State University and Colorado State University 


Albino rats w i isiti 

T E eae were given acquisition training on a 6 ft. enclosed straight alley runway 
oneach mibe papara for inclinations of 0°, 20°, and 40°. After E ee EUAS 
trials for 30 Ae effort conditions, three groups of subjects were given massed extinction 
extinction und . on only one effort condition. Results indicated fewer responses durin 
effort and 1 er the greater effort conditions. These results support a relation betwen 
theory of esponse decrement in extinction, consis 

of reactive inhibition. 


tent with the predictions of Hull’s 


INTRODUCTION 


The inhinig 
situatio he (Ir) theory of extinction maintains that each response in an extinction 
increasing dre some inhibition to its recurrence. The theory maintains further that 
result in fa E of effort with the consequent increasing amount of inhibition should 
1943; Bone er rate of extinction. Typical tests of this theory (e.g. Mowrer and Jones, 
and inconclusi eig, 1951; Maatsch, Adelman, and Denny, 1954) have been contradictory 
Problems a Tanor the lack of agreement in results stems from certain procedural 
Kimble, 196%); Peri a bar loadings in the Skinner box (Trotter, 1956; 
lose procedural difficulties arise: (1) In 
ainia usually necessary to begin by teaching it to press a lighter bar first. Such 
g, in effect, may give the animals extinguished on the light bar more training 


tha: ‘ í 
n those extinguished on a heavier one. (2) The problem of partial responses is 
bar depressions of insufficient 


someti aes 
aT critical. Such responses, which consist of 
eavy b e to operate the food release mechanism, occur more frequently with a 
intro ieee than a light one. During training, the occurrence of these responses 
whether t uncontrolled schedule effects; and during extinction, one must decide 
Sua 2 count them. (Kimble, 1961, P. 285.) 
ofa Be y responses or subthreshold responses to the heavy loa‘ 
Produced zn foan superthreshold responses to the lighter loadings. 
One a ich is either not measured or inaccurately measured. , 
amount 'pproashi to the problem of differential training is to give each subject an equal 
followed b training on all conditions under which extinction can take place, a procedure 
Studies r 4 Capehart, Viney, and Hulicka (1958) and by Quartermain (1964). In both 
bars in cies given equal amounts of training On, 5, 49, and 70 gm. counterweighted 
ing resist kinner box. In spite of this procedural similarity, Capehart etal. found decreas- 
uch = Stance to extinction as a function of effort, whereas Quartermain failed to find 
coe relationship. (Other procedural differences in the two studies, to be discussed 
udie nay account for these apparently contradictory findings.) One problem with both 
dies is that subjects were given all jnitial training trials on the lighter effort conditions, 


il í oie r 
€ final training trials were given on heavier effort conditions. Thus, while frequency of 
ion was carefully controlled, there may 


Teg 
TNE on each effort condition during acquisit fully rol 
additio en biases introduced because of recency effects and initial training effects. In 
= n, both studies failed to measure Or account for the critical problem of subthreshold 
: ia erthreshold responses. 
Introdu elimination of under and/or over respond 
accom ved because of recency effects and initial 
ehe noes by utilizing differential bar loadings | 
minimized, however, by an alternative technique S 


at a as z 
Could be inclined to require various amounts of effort. Such a proce 
f response from one € 


order to train the animal to press a heavy 


dings present no more 
In both cases, effort is 


ing, along with elimination of biases 
training effects can probably not be 
s in a Skinner box. Such problems 


uch as traversing straight alleys 
dure has the 


ffort condi- 


addit; } 
tion ool advantage of assuring increased homogeneity © f N 1 
n to another. Heterogeneity of response is a serious problem in testing effort in a 
do so with one paw, 


a light bar typically 


Sk 
different set of muse: 


Inner box. Fi $ 
For example, rats required to press ) o 
2 a E Jes involving both 


eri A 
we rats required to press a heavy bar use a 
or sometimes the whole body. 
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The present study, then, attempted to overcome some of the important procedural 
problems, e.g. under and over responding and heterogeneity of response, that have bese 
previous studies relating effort and extinction. 


METHOD 
Subjects and apparatus 


Subjects were 18 male and 18 female albino rats 70 to 90 days old at the beginning of 
the experiment. The apparatus was a modified Graham-Gagne type straight alley runway 
(Woodworth and Schlosberg, 1954). The Tunway (72 x 5 x 10 in.) was hinged wi 
Io X 4'5 X I0 in. startbox at one end and a 10 X 6 x 10 in. goal-box at the other ene: 

The hinging arrangement made it possible to elevate the goal box to create runway 
inclines of any desired magnitude. Guillotine doors constructed of opaque plexiglas 
separated the startbox from the entrance to the alleyway and the goal-box from the end 
the alleyway. The runway floor was overlaid with ł in. hardware cloth to prevent slipping 
on steeper inclines. The startbox, goal-box, and alleyway were covered by wood frame 
4 in. hardware cloth. The entire apparatus was painted a flat mid-grey. 


Acquisition procedure 


Subjects were gentled for a few mintues on each day following weaning so that prior 2 
introduction to the runway they were comparatively tame. The first training session Be 
preceded by 24 hr. of food deprivation, During subsequent training sessions subjects We 
maintained on a 22 hr. deprivation schedule. These ro min. sessions were given 4 
darkened room (light level in the runway was | f inis 


pa I t 
} L le ess than 1 ft.-cd.). Training COD k 
until subjects completed 60 acquisition trials consisting of 20 ae on each of three WF 
popdikions E (0°, 20°, and 40°). These conditions were changed from es 
trial on a random basis with the exception that no si iti curred on 
than three successive trials, p ingle effort: condition 0 pox 


. . . i t 
After a subject was placed in the startbox, the guillotine doors separating the stan the 


from the runway and the goal-box from the ru i ject le 
pa nway were raised. After a subjeci entry 
startbox, the first guillotine door was lowered to prevent retracing. Also, follo imed 


rst 


Purina Chow ad lib for a period of 1 hr. 


trials, no partial responses were observed th 


i Following acquisition training sub 
tions consisting of 0°, 20°, or 40°. A 


: . + tion cO” 

jects were assigned to one of three extinction on 56% 
ency duri Ssignment to extinction condition was han he nal 
ncy during acquisition. Approximately 24 hr. following o mil 


ag ber of runway responses during 4 
Inter-trial interval was 30 sec. ain 


y, Comparisons were made for each rat’s mear 
aX 2% 3 fattore Sie on trials on each runway incline. The statistical ae 
rer . : o i i 

3 P res on acquisition incline (0°, 20° AJ gssig™ 

: , 


9 
6 (ES 
d.f. = 1/30, p < 0-05), with f ke ing t© 
renee ica. 8); h females tunning faster than males. Effects relating woo IOF 
each factor). Interaction effects y 
separately, did not produce differentia] Tu 


group Tunning speeds were equivalent ri é ba A sign d. 
i T ior to i e., aS516 ee 
subjects to extinction runway incline des i PaE 1 a 


was 
er 40°) 


EFFORT AND EXTINCTION 303 


The seco i i 
CER a a3 X 2 factorial design, compared the number of responses durin 
and sex. Reid ion session as a function of angle of runway incline (0°, 20°, or o 
Between ani npe reliable differences in the number of responses during extincti l 
there was ee eet inclination (F = 20-78, d.f. 2/30, p< 0-001). fa addition 
resulting eee a erence (F = 5-04, d.f. 1/30, p < 0°05). The nature of the differences 
effort and sex are shown in Figure 1. As can be seen from the figure 


FIGURE 1 


OO Male 
O-O Female 
AA Combined 


Mean number of respones during 30 min, 
extinction session 


20° 40° 


o 
Angles of runway inclination 


Nun 
nb 5 mecha : 
7 er of runway transversals during extinction as a function of sex and runway 


Melination, 


femal ; 
r aia were more resistant to extinction than male subjects. This finding is 
‘Oth sexes aa the fact that females ran faster than males in acquisition training. For 
e high! esponses to extinction clearly declined as a function of effort. In contrast to 
however y eeuiteant difference between o° and 20° (for o° vs, 20° F = 19°6, d.f. 1/30), 

hes e difference between 20° and 40° inclinations was not reliable (F < 1:00). 

effort is oe of less resistance to extinction after training in a runway requiring greater 
etch T consistent with a reactive inhibition interpretation. However, resistance 
significa; ion was decreased by extinction in an alley inclined 20°, but not decreased 
this dy further by training in an alley inclined 40°. Thus, inhibition from effort in 
anner ation may not accrue in a linear manner. Instead, it may accrue in a non-linear 
Moua the main, these results are supportive of other studies (e.g. Capehart et al., 1958; 
effort and Jones, 1943) that found Hecreased resistance to extinction as a function of 
Festin and in contrast with studies failing to find such a function (e.g. Lawrence and 
ìon, ger, 1962; Quartermain, 1964). The apparent contradiction deserves close examina- 
a straight alley runway inclined to 25° 
the 50° runway. This 
etwee: of dissonance theory. An important difference 
ween Lawrence and Festinger’s procedure and that of the present study is that their 
i dition upon which extinction took place, 


zane and Festinger (1962), utilizing ht a 
, found that rats showed increased resistance to extinction on 


pae 
ing) whereas the presen 


Ir would be expected to dissipate s 
herwise observable effort effect. 


304 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


. . Siete . osed to 
his subjects were comparatively overtrained (i.e. 360 acquisition trials, ee al Larger 
60 acquisition trials in the present study and go in the Capehart et al. stu jidoning to 
amounts of training during acquisition may produce sufficient physical con 
the larger effort requirements so as to adapt 3 ve been 
This possibility is presently being explored. Another important difference may ha’ 


dingly 
e study by Capehart ef al. Correspon 


; is (1995) 
decreased by effort. In accord, however, with the suggestion offered by pew ‘ia wider 
further investigation of the telation between extinction and effort is needed 

variety of situations. 
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AUDITORY SIGNAL DETECTABILITY AS A FUNCTION 
OF PRE-EXPERIMENTAL SHOCK 


BY 


H. A. KUECHLER and P. C. DODWELL 
From Ontario Hospital, and Queen's University, Kingston 


A n . ° » 

vi Era „Schizophrenic and normal control group detected a 1,000 cps. 2 sec. tone 
noise duce iY $ Lae mips of occurrence of 0-5 against a background of continuous white 
criterion, B peii fied 4 sec. interval. An index of signal detectability, d’, and a decision 
rials seeds ne calculated from the _YES-NO responses for 150 control trials, and 150 
show a decrom opr eceded by free electric shock at maximum tolerance level. The results 
to the fers ent in signals detected for the neurotic and schizophrenic group as compared 
z al control, whose detection rate improved significantly. The decision criterion 


T 
emained unaffected. 


The th ; INTRODUCTION 
the me ny of signal detection (TSD) (Swets, Tanner and Birdsall, 1961) suggests that 
Parameters or pene detectability, d’, should only be affected by changes of the physical 
May be moti he signal and noise distribution, but not by observer variables which 
Costs and v e or attentional. The decision criterion, B, is expected to change as 
Occurrence is n as decision outcome are altered or the a priori probability of signal 
Swi w x 

monetary G 961) demonstrated changes in the decision criterion as the result of changes in 
Maire, Mian and losses in the direction predicted by TSD. However, Zwislocki, 
of auditor man and Rubin (1958) did not find any significant changes in the detectability 
cision, me Enan through the introduction of monetary rewards. The effect on the 
lant change ie not discussed. Swets and Sewal (1963) similarly obtained no signifi- 
ges in the detectability of signals when verbal incentives and monetary rewards 


Were j 
ere introduced, 

he ` r n ' 

present experiment examines the effect of non-response-contingent pre-experi- 

1 detection performance of normal, neurotic 


Ment, ; 
al electric shock on the auditory signa 
If the shock serves to increase arousal, one might 
bility) for normal subjects. The non- 


he decision criterion in the TSD frame- 


schi : 
expect Zophrenic groups of subjects. 
Contingen, improvement in performance (detecta 
Work Cy of the stress, however, should leave t 
unaffected. 

detection ® hypotheses for the three groups were that normals would increase their 
decren performance under the shock condition, but that neurotics would show the type 

* nent or perceptual avoidance behaviour under heightened stress proposed by 


o: 

Tagli 

w 3 (1961), and that the schizophrenics would have overall a lower detection rate which 
The latter hypothesis follows 


Ou. h 
ioa oe either a decrement or no change under stress. 
conside e work of Stilson and Kopell (1964), who have shown that schizophrenics have 
$ agas; rable difficulty in detecting visual signals against a background of noise, and Malmo, 
therm, ` and Smith (1950) provide evidence that schizophrenics are behaviourally inert to 
al stress but have above-normal autonomic responsivity. However, no clear 
behavioural and 


Predicti 
di ction can be made about schizophrenics from this experiment, since 
What is measured in the detection tasks is 


ito; : 

behavic, functions respond differently. 

ervou ur, although Swets (1961) emphasizes the importance of factors in the central 
S system in the analysis of detection studies. 


Subjects 
lected from the female admission 


T : 
wara eo patient groups of eight subjects each were se y 1 
oft the Ontario Hospital. These two groups were selected on the basis of their 
trists and ancillary 


Cong, i c 
li ‘tence diagnosis which reflects the consensus of three psychia’ s 
ded information to ensure the absence of psychotic 


clini 
r Spe The case history provi 1 are 1 t 
Were a symptoms for members of the neurotic group, and similarly, only schizophrenics 
Sympt osen who had a history of hallucinatory experiences and absence of organic 
ae The absence of visual and hearing defects was determined from the physical 
ination on admission or annual check-up for all subjects. Eight normal subjects were 


Paid volunteers from the hospital staff. 
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Apparatus 


A 1,000 cps. tone from a Heathkit Audiogenerator was presented, together with We 
white noise, through fluid cushioned KOSS PR 4 earphones. The noise level was iG 
tinuous and constant for all groups. The signal was presented randomly on 75 pi 15 
150 trials. Onset and duration of a trial for 4 sec. was marked by illumination 0 Noa 
watt light bulb, followed by an intertrial interval of 10 sec. The intertrial pe cen ro 
signal duration were controlled by Hunter timers, A signal could occur variably Wl 
the 4 sec. trial interval for 2 sec., and this was occasioned by manual closure of a telegrap 
key which started the timer. No closure of the key produced no signal for that trial a 
constituted a blank, or “noise,” presentation. ` red 

The subject recorded his decision by checking in a ves or No column on a prepa! 
sheet after each trial. 


Procedure 


e 

The subjects of all three Sroups received 150 practice trials after their threshold io 

signal tone against the white noise background had been determined, and the deter ity 

rate adjusted to 68-75 per cent. They were informed about the a priori signal proba ais 
of 0-5, but were given no knowledge of results. One hundred and fifty experimental th 

7 s in each of the three groups. T shocks 

periment pain tolerance threshold for electric 


A ic 
in steps from zero to some value whi nt 
ri 


found to be barely tolerable This was done b i hile the ei 

= : 7 cha: oltage while this 
remained constant for all subjects at 200 mA. Three page rl given ee her 
within the next 30 sec. The 150 experimental trials followed immediately. ditio? 


Resutts 


ther ĉ 

alter each trial indicate his derision n. Whoations 

| the total n t signal ide mS, 

(Pex(A)), and the proportion of affirmative resporiges ip baa Decor or False 4 e 

E ecision asero , and index of signal detectability d’, were calculated from give? 
eaormal curve (Edwards, 1960). The values obtained agree closely with thos? 


The YEs-no responses of the subjects 
tone signal was presented or not. From 


5 
n group’ 
and £ for the normal neurotic and schizophrenic Brak 
under both standard and Stressed conditions. An analysis of variance on d’ Le ject? 
YO stress conditions were measured on the same 


ion of groups x stre: PE an ror, E = pul 
Seen S > ss condition is reliable (p < 0°01, 1p 
J.) and Table I shows that it is due to an increase in d’ in the normal grou Enple 


patient groups Thi lysis O he mal 
effect for each gro up: is was confirmed by analysis e nor” 4 
group is reliable Gene (Winer, 1962, P- 232). The increase in d’ for to tic a” 


oti 
: = IT-00; 1,21 d.f.) as is t se for the neuf" 
Schizophrenic groups (p < oor, F = 9-67 and ee Aad na 2; respectively), mor? 
lax criterion than th — in Table I suggests that the schizophrenics adop on unde? 
3 © other groups, and that all groups adopted a stricter critet! iffern? 


AUDITORY SIGNAL DETECTABILITY 30 
vA 


TABLE I 


Inpic: 
i ES OF SIGN 
NAL DERROTA PISTE AND DECISION CRITERIA VALUES FOR STANDARD AND 
RE-EXPERIMENTAL SHOCK CONDITIONS A gi 


I EE 


Experimental condition 


| 
| 
. | Standard | Stressed 
vou; 
p a g j = 
B 
| one 1136 | 1°27 | o-815 
| 7 | 0°732 2°49 0:532 
Normal | 1-05 1-093 | 1:37 | A 
0°65 1'252 | 125 1-588 
on I oar | IOI 0:999 
5 | 1-283 1°74 1-136 
Kee | 1:316 1:69 | I*175 
0:7 0-808 I'l4 0:695 
Mean 
1:066 1:081 1:495 0-982 
0'77 0'755 0:50 0°831 
i | 1:33) 0-669 1:36 0'751 
Neurotic | 0°87 1:313 0°39 IIIZ 
1:66 1:596 0'54 \ 1-209 
1-09 1:378 o:80 | 1:192 
058 rons 0-16 | 1-017 
Tel 0:874 0-61 0-989 
1'94 1:168 1:95 | 0-768 
Mean 
1-169 r105 0:789 0'984 
| 
1°37 | 3'601 0:20 | 1'259 
Š | Sar 2-010 0-06 | 1:058 
Chizobhreni 1:82 0:342 145 | 1:605 
phrenic | 080 1-155 0:80 | 0864 
0-62 | 1-780 0°50 | 1:159 
0:20 1-197 o-18 | 1'071 
| 0-24 1-214 0-07 | 1:085 
1:34 2:390 1:22 l 2:620 
Mean j 
0:870 revit 0:560 | 1:340 
firmed. The 


before 

ory e experimental session. Thus our principle hypotheses are con 
Tesult of signal detection does no i in signal detectability except as a 
i changes in the signal- i 


Conflict wi ondition for normals appears to 
with Horn and Venables’ finding © ination between pairs of clicks 
orn and Venables, 1964). However, in their experiment 
tion with each trial, so the results of the two experiments 

heteromodal stimulus (such as 
] stimulus in 83 
modal stimulus did not 
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Ê uditory 

electric shock acted as a distractor which resulted in poorer performance on the a i 

i : arousa: 

nr result of the normal group’s performance may be interpreted to eT an a 

theory (Duffy 1957) in the sense that Prior stimulation with electric s <8) enhanced 

ee effect and led to greater discriminability of signals. Fuster (195 stimulation 

the discrimination of tachistoscopically displayed stimuli by monkeys ae savolved 13 

of the nuclei of the mid-brain reticular formation, the system most probably 

l ctivation phenomena. : ce of the 

aro The pes the detection performance of neurotics and to some we p. 264): 
schizophrenic subjects might be explained on the basis suggested by Inglis (1961, 


subject. , Hospital: 
The authors are indebted to Dr. J. S. Pratten, Superintendent, Ontario 
Kingston, whose interest and support made this study possible. 
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EFFECTS OF GROUPING ON THE PUPILLARY 
RESPONSE IN A SHORT-TERM MEMORY TASK 


BY 
DANIEL KAHNEMAN,* LINDA ONUSKA and RUTH E. WOLMAN 
From Harvard University Center for Cognitive Studies 


men heard strings of nine digits for immediate recall, either at a monotone 1/sec. 

size show E pip of three digits separated by pauses. Concurrent measurements of pupil 

Waves. duti steady dilation in the monotone condition, and brief dilation-constriction 

hypotheses © the pauses of grouped presentation. The results are consistent with 

gonaren concerning rehearsal in the two modes of presentation. Pupillary dilations 
y accompany episodes of covert rehearsal. 


INTRODUCTION 


V s ee . . 
sini hori a string of digits is presented for immediate recall at a steady rate, and the 
Ject’s report is also paced at that rate, systematic changes occur in the size of his pupil 


Ley ed and Beatty, 1966). During the loading phase, the subject’s pupil dilates 
digit oy digit that he hears; during the unloading phase, his pupil constricts with every 
ean hat he reports. In the original article, the steady increase of pupil size during the 
3 g phase was ascribed to a steady increase of effort involved in rehearsing the digits. 

he present study was designed to test the relation between covert rehearsal and pupillary 


ilations, 
i, (1967) has found that the introduction of pauses between successive groups of 
Brouped’ markedly improves the recall of nine-digit strings. She suggests that such a 
Occurs presentation imposes a coherent organization of rehearsal activity; rehearsal 
grou, mainly during the pauses, and is often restricted to the immediately preceding 
grouse On the other hand, rehearsal is typically cumulative and repetitive in the un- 
Strine monotone presentation: the subject repeatedly attempts to rehearse the entire 
ee aring at the beginning (Murray, 1967; Reynolds and Houston, 1964; Ryan, 1967). 
Tehea; ed pupil changes indicate rehearsal, the rhythm of presentation, which controls 

tsal, should be reflected in the time-course of pupillary dilations and constrictions. 
METHOD 

uua subjects were paid volunteers, 14 from Harvard University and two from Radcliffe 
With Se. Photographs of the subject's right eye were made at 2 per sec. on infrared film 
which, modified Kodak K-100 camera, from which the shutter had been removed, and 
trob was driven by an external motor. Tape recorded pulses activated a General Radio 
~‘tobolume, filtered for infrared with a Kodak 87C filter. The method has been described 


i 
3 Eae detail elsewhere (Kahneman and Beatty, 1967). $ 
Teco wenty random strings of nine digits, no digit repeated, were presented by tape 
a rder. The digits were synchronized with the pulses, ensuring co-ordination between 
ie ores of the pupil and the sequence of stimuli. In the ungrouped presentation, 
T were recorded to correspond with pictures 5, 7: 9 - ~ 2I, at a monotone rate 0: 
sper sec. In the grouped presentation, digits corresponded to pictures 5, 6; 7o» 12, 
* a4, +». IQ, 20, 21. : 
ite subject was instructed to withhold his response until after picture 25, then As 
Pict Igits verbally, at his own pace. Several practice trials were given before the firs 
ictures were taken. The first experimental trial belonged to the grouped condition. 
© two modes of presentation were alternated on successive trials. 


RESULTS 
forced adoption of a 


The difficulti j peri ith recall of nine digits 
i xperience Wi recall of nine igr c A 
ee ae as considered correct if it included a single 


lenien: 
lent method of scoring. A response W l 
See or Saonpeatticn cl a pale of digits. With this Gf of Leen Een 
os i i as 7°38 for the grouped, 4:25 for toe Wi 

of correct trials (out of a possible 10) was 7°3 fs Gee eertataon. a 


Stouped presentation; the difference between the two mo 


Hebrew University, Jerusalem, Israel. 


* Now at Department of Psychology, 
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significant (t = 5-35, 15 d.f. f <o-001). This result confirms earlier reporte S A 
effect of pauses (Mackworth, 1965; Ryan, 1967) and of grouping in rehearsal (Wick 
1964, 1967). sinh 
9 pA g pupillary curve was obtained for each subject under each contine 
considering only those trials on which his response had been correct. Incotigei mire 
were rejected to avoid contamination by emotional responses accompany ag. a 16s 
Four subjects were not included in the analysis of pupillary data because they es ne 
than three correct trials in the ungrouped presentation. Analyses of pupil da 
therefore based on 12 subjects. ‘piace BENE 
The mean of the individual curves are given in Figure 1. As in the earlier S$ 


FIGURE 1 


420 
U d 
ein ngroupe: we 
r 
460 & 
4°50 


440 


Average pupil diameter (m.m.) 


430 
Picture =p 4 
number — 4 4 é C A ee E. E E 


Average pupil diameter for 12 subjects durin 
he circled points. 


eines and Beatty, r c 
nearly linear function of the number of items alread a ): 
A epea ted. In the gr -21 
tion, pupil size increases very lit i << Sasa a igi igtur j 
The difference between the ts tle during the presentation of the digits (P z 0:023) 


as y roup® 
than for the eat e steep dilation that occurs in pictures 21-25 is larger for teg 


-ta 
; to 19 are si nificantl į < 0'02, ONC- ner 
It is worthy of 8 nuly Negative (f = 2-53, p in el 

of the two itg that comparable constrictions do not occur anywhere else 


i ivi 
The pupillary results are i al actis 
= F clo: $ , ‘ hears ve 
The cumulative nature o. se agreement with Ryan’s analysis of rel si 


t 
ae ause, th i icipation of the nex 
digits to be heard. In this view of ae en relaxes in anticipation 


relatively large effort might be required t 


Ege o pull t oups of 
termination of the presentation. The aeaa es ee 


‘ à erve 
relatively steep dilation which is OÞS 


Oh 
— -= ere 
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teu 21-25 supports that expectation. There is no reason to believe that the difference 
SE a grouped and the ungrouped curves at that time is due toa ceiling effect; the 
aes eae between baseline and change in pupil data is minimal within the range of pupil 
P. ained in the present study (Kahneman and Beatty, 1967; Kahneman, Beatty and 
ollack, 1967). 
T absence of a pupillary loading function with the grouped presentation is not an 
hea finding. In another experiment (Kahneman and Peavler, 1968), subjects 
instr a series of eight common nouns at a rate of 1 item per 4 Sec., under free recall 
Ht The presentation of each item was followed by a brief wave of dilation- 
Gun ee without any sustained increase of pupil size during the course of the task. 
es ulative rehearsal was probably minimal in that situation as well as in the present 
Xperiment. 
oa present experiment may be viewed as a t 
nere ach and Meehl, 1955), which brings together a tenta d | 
hee ure of rehearsal. The confirmation of predictions supports the validity of both 
ave ry and measure. It should be emphasized that precisely paced tasks and time-locked 
a Taging of the pupil response are essential to this type of analysis, particularly when itis 
Pplied to autonomic responses which are consistent in direction but small in size. 


Mental Health grant PO1-MH-12623, 
Harvard University, Center for 
helpful discussions. 


ypical exercise in construct validation 
tive theory and a tentative 


a study was supported by } Jational Institute of 
Co, National Science Foundation grant GS-1153, to 
gnitive Studies. We are indebted to Joanna Ryan for very 
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BOOK REVIEWS 


Freud and his Early Circle: The Struggles of Psycho-Analysis. By Vincent Brome. 
London: W. Heinemann Ltd. 1967. Pp. xii + 275. 638. 


vate A isa 
This is a story of the calamities and quarrels of the pioneers of psycho-analysis. e 
story that has often been told before, but Mr. Brome brings to his task some new infor 


SS 
1 y z the many disagreements, personal aaa 
than professional, with praiseworthy detachment. For example, he is more than pm an 
Adler and does much to rehabilitate Ferenczi in his last, unhappy days. There pen 
Appendix on Havelock Ellis, based on a considerable correspondence with Freud 
apparently in the author’s possession. This is a tempting morsel which one may 


Mr. Brome will see fit to expand into a genuine re-appraisal of this strange, vain an 
almost forgotten man. 


now 


O. L. Zancwitl- 


¿ford 
Fundamentals of Measurement (Second Edition). rk: oxfor 


i i By N. M. ie. New Yo 
University Press, 1967. Pp. xiii + 482. y N. M. Downie. 2 


52s. 


osen content. Handbooks on psy¢ ement, 
discussion of the principles of measure Miio, 
lysis, ' t 
pt-we} 


the description of tests. Although this d 

Aret impression on reading it is that muc e 
iscovery in the vari ii 

ody wee ‘arious test agency catalogues than brought together as the C0" iting 


a K ive theory p] 
à » presumably, require extensive ai 
tively compact statement for busy pehle af what tests are anifricelt 


eon Bb Sey eas Worth using, the book succeeds. However, it 1 chology 
and education which © a fully satisfactory text for the audience of students of PSY Jd nee! 


h is implied in the author’s Preface. T suspects, WOU 
rather more of the “Fundamentals” and less of the EA el special 
vement Tests”) and III (“Measurement of Intelligence, ints (i 
nd Attitudes”) contain some interesting P tiple 

) 


z s ulttf 
eader. The idea of the teacher as a skilled writer cal traini n 
0 


soy lim! 

: e concept of a group factor is virtually lit arom 
pictured shaded common area of tw Sxoup tac n’s g 
structure of human abilities is dees ae rapping eae withor eyed 

: 3 5- 
oup facts 
Ti which 
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The tis ii ii 
Thus, ene = in its second edition, and there are signs of haste in the revisions made 
Binet Se coat p. 70 there is a reference to the latest edition (1960) of the Stanford- 
score deviation T scale which points out that measurement is now in terms of standard 
illustration of ‘Qs, an observation which is repeated on p. 272, p- 165 bears the following 
of a “worst-answer” multiple-choice achievement test item:— 3 


x e ene are examples of standard scores. 
er IQs. +C. Stanford-Binet IQs. 


Army General Classification Test Scores. D. T-scores. 
E. stanines. 


oo “correct” answer) 

the i : i A 

inconsistency is emphasized on p. 275 where the section on the Stanford-Binet, 
e of standard score,” is drawn towards 


whic i : 

its net ager “Binet IQs are currently a typ 
replaced by oe that many people feel the scale’s IQ scores should be 
Sonets s, to be reflected too in the scatteri 
test is one Apres! misleading. For example (italics are the reviewer’s): “An objective 
made, the which the same results are produced regardless of who scores at. If errors are 
the aaa are brought about by carelessness and inaccuracy on the part of the scorer, not 
values, Anca On subjective tests results emerge that, in many cases, reflect the emphases, 
or bedevilled Tee enes of the scorer.” (pp. 14-15): This statement is either meaningless 
comparing = y the reversal of scorer” and “examinee” in the second sentence. Or, when 
o the ed and objective tests:— “The assessment of such processes is not confined 
art of test it omain of the essay test provided that the essay test builder is skilled in the 
em writing. (p. 209, para. 7). Again meaningless, unless we read ‘objective 


test builder” 

ee for “essay test builder.” 
treatments , the book has its uses but it is hardly to be preferred to the more adequate 
s of psychological testing by Anastasi or Cronbach. 


ng of proof-reading errors, which are 


D. J. BRUCE. 


Psyc, a 
4 a on Measurement and Prediction. By Paul Horst. Belmont, California: 
adsworth. London: Prentice-Hall, 1967. Pp. vii + 455. 72S- 
ation gives the impression 


This i wee 
ofa ne 5 a difficult book to assess. An initial cursory examin: s the i 
into a syst irely happy attempt at a taxonomy of test procedures and applications, leading 
statistics ematic mathematically-oriented treatment of the basic concepts of descriptive 
S. The book is offered for use “both as an advanced undergraduate text and asa 


Tefere 
Psychol S work for teachers, research workers, and others who are not specialists in 
ogical-measurement theory.” th dual or multi-purpose 


€xts, th As so often happens wi 
ne as e author’s discourse emerges as not always on the same level, and the result strikes 
Somewhat incongruous. 


R ee reviewer, consequently, some degree of misgiving, but this, 


the f y started reading with 0 i ) 
r: Ho iS SOUR introductory chapters had been disposed of, was fairly quickly dispelled. 
imes rst’s exposition, in the main part of the work, is both clear and stimulating—at 
mal One might say even aphoristic. This is especially so in the chapter on Factor 
of foie for which the author presents a more than usually convincing case. The core 
of a si ook, however, is to be found in Chapters I 1-16, in which, starting from the statistics 
and the gle item, the author proceeds to discuss test statistics as functions of item-statistics, 
and e ence to maximum value statistics, effects of chance, test homogeneity and test score 
and aoe Later chapters deal with problems of reliability, specificity, validity, prediction 
A em analysis. Nearly every Cha th mathematical proofs, in both 

r and matrix notation, of the principa ed in the text. 
wo main limitations of the work are: First, although the introductory mate: c 
tentoni ment (e.g. sensory, motor, personality), little 
ntion is paid to domains other than the cognitive. ‘Accordingly, for the undergraduate, 
Bese who may be concerned more wi imental than, say, the educational field, 
it ie clevance of much of the discussion to his im’ obvious. Second, 
inf Perhaps a pity that the scope 0 cover sampling and 
rentia] statistics. Tests of sign little more than passing mention: indeed 
Sor an eept of significance, as commonly understoo confidence levels, is 
mak ething for which Dr. Horst has little use. He prefe i ept of decision 
king of Cronbach and Gleser, since, as he puts it, “the problem is to estimate relative 


rial calls 
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gains and losses for alternative actions, and to weigh them against the probability of 
success and failure on the basis of the experimental results.” This is probably 2 


Boris SEMEONOFF. 


Attention and Performance. Edited by A. F. Sanders. Amsterdam: North-Holland 
Publishing Co. 1967. Pp. xii + 452. £6. 


; + i P tion 
9 : SIX sections entitled Single-channel theory and informa i 
processing, Reaction processes these two secti alf of the boo), 
Physiological correlates of attents ion tne Occupy the first ha 


P at 
more useful for teaching ( ose 
i ofat Ea J to cho 
the contributors to the symposium as to sane) mile sae ee batter palance 


ing ste” 
tions of information processing itri- 
tory period of Welford, wa papers 
the first section. Subsequent small 


i : : i in pay” 

by a short intery, ; periments in which the signals are presented reaction 
rla 

e nnot ove’ ts 
second signal is delayed if ir rah mal the two processes ca e firs 


funda 
e reaction time to the first; but a after 
o have been investigated—not ev" y 
Lack of Critique is also j 


“a tion. 
the several different uses of the term ‘ inform jo 
are derived, more or less, from Commun tors; 


. . e i 
ots are thinking in terms of a moda tio? 
Now information,” whether in Coa definition? 


informati in peat a 
writing, the term is used with o tom, in Psychology, But} 


isjon SPO 
Tguments. The same precision logical 
with a variety of ill-de 


o 
here, as in most psychia scant 
fined shades of meaning and W 
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regard for t igi i TE 

Theory a ne oe hes precision; the conceptual power of Information 
and a oe of cortical evoked potentials in reaction time experiments is a recent 
inane cei development. Whereas the information-theoretic study seeks 
A or ely the input and output variables of the experiment, this technique looks 
ie Sp es process at an intermediate stage, recording the intervening gross neural 
iis.” T e technique is difficult and involves computer averaging over hundreds of 
ents of ior in turn leads to difficulties of interpretation: for example, some compon- 
to the deri eg evoked response are presumably related to the stimulus input, others 
the fek action of the response. These latter will vary in time with the duration of 
; ion process—but it is not at present possible to obtain meaningful records of 


individ: ; i 
cand Tory A somewhat similar evaluation applies to the recording of eye 
s during visual search. Such measurements give additional information 
to select information for perceptual 


about th ; 
e operation of zhi 
Processing” control processes which serve 
The i 
Sai on short-term memory and long-term performance (principally vigilance 
nts) are small relative to the wide spectrum of current research in these fields. 


he ; F : 
¿€ papers included in the symposium give a sample rather than a cross-section of current 


idea: a 5 
eas and trends, and it is not possible to say much by way of outline or criticism without 
rating review by Posner 


goi; ae n 
ng beyond the material in the present book. There is a penet: 
and a theoretical treat- 


of cu A A 
trent concepts and ideas in the study of short-term memory 
e visual image. For vigilance tasks 


m re 
iad Sperling of his results on the processing of th 

and Ta; PESEER ES a critical analysis of the uses and shortcomings of activation theory 
WAEA discusses the analysis of vigilance data by means of signal detectability theory. 
Cf humä egan as a symposium to facilitate the exchange of results and ideas in the study 
Up-to-dat, performance has resulted in an interesting and valuable book. It is more 
ut its e and presents a wider spectrum of ideas than any textbook, however advanced. 
treatme: Bene usefulness will quickly fade, because it does not have the coherence of 
Ness Of or the clarity in conceptual exposition that gives a textbook continuing useful- 
compa: Of course, it is not, and was never intended to be, a textbook; I am making the 
as Rea the present absence of any detailed text means that for a short time 
stu dent k will be pressed into an unintended use as an up-to-date source book for advanced 
volum s. In two or three years it will have no greater value than a typical journal 
But i of similar age (it is published as an additional volume of Acta Psychologica). 
and ae that time I hope there will b ch the same ground 
Of peng much the same purpose, lue of this volume 

Proceedings. 

D. R. J. LAMING. 


e another symposium covering mu 
such is the present usefulness and va 


Sensory Inhibition. By Georg von Békésy. London: Oxford University Press; Princeton 
University Press. 1968. Pp. x + 265. £4 Is. 


ie, ie book comprises the Langfeld M 
zo ceton in 1965. It displays that same | 
of ated by Wever in Experiments m Hearing an i 
a a collection of brilliant experiments on but not intimately related, 
scribed in detail but not given the continuity and exposition 
rue scientist in the 0 
u F d courtyard and a marquee to demonstrate the inhibitory 
nneling of the auditory system? Again, von Békésy holds out for the sì t 
ts over physical measurements, an unconventional 
Only the initiate is likely to appreciate 
é discouraged from reading the book, 
tist that the work of other authors 


Vv: 
nee but in its limited context quite correct. 
cae qualities, and the new stu 
end: use it is also true in this t 

S to be neglected. 
~~ u this makes the book unsuitable for regular inform: 
cae inhibition; but that topic is already fairly well ser y 
whi S have to be intermediate level texts. There is room for occasiona 
ich is what this volume is, in content, format and price. 

Mark P. HAGGARD. 


ation retrieval on the topic of 
ved by Ratliff and not all 
1 collectors pieces, 
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Elements of Psychophysics, Volume 1. By Gustav Fechner. Translated by Helmut a 
Adler. New York: Holt, Rinehart & Winston Inc. 1966. Pp. xxxi + 286. 
56s. 


It is perhaps hardly surprising that Fechner’s Elemente der Psychophysik had never 
previously been translated into English. His primary aim was to bolster rationally 
the status of the psychical in a mid-nineteenth century world which, as he saw it, was 
half drugged by scientific materialism and half intoxicated with thoughtless romance. 
Psycho-physics was to him a means to an end; what was intrinsically interesting 1n it 
to others was soon culled and publicized notably by Wundt, G. E. Müller and, later, 
directly into English by Titchener. The text itself, faithfully rendered as it has been by 
Dr. Adler, is frankly still as nearly unreadable in English as it is in all the syntactic 
contortions of the original German. Earlier translators more readily expended their 
labour and skill on other, headier, examples of his work such as Nana oder Über des 
Seelenleben der Pflanzen. 

The present edition is therefore perhaps a labour of love, or a work of piety, and any 
who still recognize and respect such acts will applaud their instigators—in this instance 
Professor Boring and Dr. Davis Howes. It seems doubtful whether anything fresh that 
is essential to Fechner’s scientific achievement is likely to be established by the wider 
scrutiny a translation will allow. And so far as his attitude approach and persona, 
preoccupations are concerned, more is revealed in Volume II. But at least it can be sa 
ee pa has been done has been done well. Dr. Howes in his introduction cigi 
that Dr. Adler's“. . . English version is readable, and yet faithful to the original.’ 
unreservedly, acceptable. 
tion made to celebrate the © 


e 

t ; kson and Sigmund Freud, is i ewit a sit 
variety of unpredictabl > smund Freud, is it pregnan iosity 
y p able offspring. Except from motives of historical or human our its 


n al 
untidiness and alternate concern with i: T, a Sa sometimes 
= 


pa Ss oe by Physical stimulation, And it goes further and Pgh 
are largely ignorant relations may be defined even thou; 
and the procedures—o 


eis. ved more or less directly from them" 
ther ew such as economics, today., this sens? 
i rae „no-one else who introduced them. In th jnto 
ie has certainly a “seminal,” work and merits translation tfc 

communication, gety usurped the place of Fechner’s own language 1n a 
a p . . aa 
pices Ea tee pu if this enterprise were left uncompleted, but on the 
translation of the second ‘ohn good. In his preface Dr, Howes’ last words 2° A 
ume remains an undertaking for the future,” E that 


more ominously (and not 
it shelters only e binding carries no reference acne chapa 


5 SSE a 
erstanding of th ¥ to contemporary psycho-physies, iS $} publi 
8 e scope of Fechner’s intentions. annie editors and Paone 


Human Information Py 


r fe 
f ocessing, i ii 
BeeT pe gee 8 By Lawrence J. Fogel. London: Prentice-Hall. 
A book with this title migh jos 25 ts 
processing of information in ma (sbected to deal with such important topics Sents: 


ate memory, 


al Tearranger 


tati : 
adaptation to visual and P ment, pattern recognition, 


5 me 
categorization and absolute judg°"" and 


erceptu: detectio™ 
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discrimination, information ion i inki 

ra , ) reduction in thinking and problem-solving, to name j 
Ce ese topics there is little or nothing in this book, which is ae of ne, 
fied by ee Concepts and Applications, first published in 1963. The new title is justi- 
ion mission of large sections of the earlier work, but by nothing else. There has 

The = ‘ision or re-editing, and the book starts at “Section B, page 61.” 

Gonta a contents are chapters on the senses; a section on decision-making which 
SUbH ie thee apter on manual tracking and shorter discussions on a number of topics, 
me e si a of the brain; and a section which deals with the control of motor 
qa E R e design of machine controls, and “techniques for sensing and interpreting 
ea ie concerning the human operator without his overt co-operation.” The book 
e AeA ae account of these areas with less, attention to method and more to 
Teis E A evelopment and description than is usual in psychology textbooks. 
sities ane e: of the 113 references to the chapter on vision none were published in the 
oung a a Bg is discussed with reference to the work of Land—the names of 
Craig 5 goa tz and Hering are not mentioned. I. Pollock, C. W. Parky, K. J. W. 
Saeed ebb and other hitherto unknown yet vaguely familiar names make a tran- 
T ippearance in these pages. 
about a may have some usefulness for engineers who need to know something 
e human operator,” but any psychologist who buys it on the strength of the 


ti : 
tle and the publishers’ reputation will undoubtedly be disappointed. 
M. TREISMAN. 


Vision and the Eye. By M. H. Pirenne. 2nd Edition. London: Chapman & Hall; 
ay York: Barnes & Noble. 1967. Pp. xvi + 224- Hardback 50s. Paperback 

5. 
a Pe hon excellent book, first published 20 years ag 1 
author It is perhaps the best available introduction to the physiology of the eye. The 
tion 4 modestly recommends it to beginners and non-specialists. Although the presenta- 
regen oe enough to lure Laodiceans, there is plenty of solid information for 
maine Students and their seniors. It covers the physiology and structure of the 
Poean eye and the insect eye, the response of the nervous system to light, absolute 
Probl, Ivity and quantum fluctuations, visual acuity and colour vision. Pirenne sets these 
an ems in a wider context by comparing the eye’s performance with the natural 
iB s on the sensitivity and accuracy of any possible physical device. He formulates 
se problems quantitatively, and carefully avoids subjective and introspective methods. 
aes would rule out a large number of perceptual experiments, but he does not attempt to 
er perception, apart from a new section on the perception of perspective in photo- 


8taphs; this is a book of physiology, not psychology. j 
te ‘he second edition has recognisably the same ‘structure as the first, but it has been 
‘Written throughout to bring it into line with visual research since 1948. Pirenne 
ol oe that “there never was a moment, at which the chief part of what existed was not 
of (Macaulay’s epigram on the British Constitution, applied by Aubert to our knowledge 
Physiological optics). This is belied by Pirenne’s reference list: more than half the 
orks he cites (138 out of 25 from the last two decades, since the 
Tst edition came out. Physiology advances f 
ew sections have been adde 
Photographs, taking into accoun 


o, has now been republished in a second 


ctive in the perception of paintings 
logical fact that the observer is usually 


Gaze of the flat surface he is looking at: the directional properties of the retinal cones 
iles-Crawford effect): and the statistical uncertainty of response in the single cell 


Preparati = : 5 2 Hartli Th 
„aration lus, including some unpublished material by Hartline. the 
The at ee ie irc F date with a summary of the recent studies of 


ion on colour vision is brought up to 
p Otosensitive maipntents made B? Marks, Dobelle and MacNichol (1964), Rushton (1965) 
a Brown and Wald (1964), which almost solve the colour matching fmt og 
Year: Y and which support Young’s own theory. Land 1s 
ie, peno hy Thomi ee Ka k d Rushton’s important work on 
~ and dark- i robably cam y to be included, but it is odd 
gat th ees oe Saad the brain” contains no mention of Julesz. But 
Stall the revision has been carried out thoroughly. The book should sell well until a 


i ane 
Td edition becomes due in 1988. , = it AnaS 
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The Human Operator in Complex Systems. Edited by W. T. Singleton, R. S. Easterby 
and D. Whitfield. London: Taylor & Francis Ltd. Pp. xx + 198. 575S- 6d. 
Also published as Vol. 10, No. 2, of the journal Ergonomics. 


Ergonomics from the psychologist’s point of view during the 1940s was largely based 
on the design of displays and controls. However, those who went in for this kind of work 
quickly came to realise three points which caused them to widen their horizons. Firstly, 
a performance which is satisfactory in a short-term laboratory task, may not be so if it is 
continued over longer periods—in other words, the time-scale of an operation needs to be 
considered. Secondly, many subtle social factors which enter into real-life work situations 
can profoundly affect performance and need to be taken into account as an integral 
part of any ergonomic designing of a job. Thirdly, the psychologist called in to discuss 
ergonomic factors of particular pieces of industrial ondered 


This kind of work has in the 
fundamental knowledge about hu 
aims at summarizing the stage tha 
some of the areas in which furth 


past depended on, and contributed substantially be 
man capacity and performance. The present ting 
t thinking in this field has reached and at pinpoi? 


ace er basic knowledge i i long preface 
explaining the systems approach to work design, fee Bate eatin ng “ate (1) 


Systems design methods, (2) Syst "y > 3 5 nction 
between man and maa a L e a techniques, (3) Allocation of fu 


A. T. WELFORD: 


Behavior. ; 7 
Wouks na tuclion to Comparative Psychology. B John B. Watson. Nev 
TRS book as satin ee 3067. Bbi igo. $7.05 
was i ; * > Baii 
classics in epaima pea In 1914, and reappears now in a series of rep 
eho ey Has come mainly from ied If one’s knowledge of the history of moder 
aving a book like thi > 
maintained ? © this forced upon one’s attention. 


ect: the 
e sS en 
jourls* 

i 
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behaviour was i 
cae as permanently denied any important part in it. In su i i 
choan E o and Watson presents his ultimatum. go eng my eg 
not they have a change its viewpoint so as to take in facts of behavior, ‘whether oe 
Nden teal aa upon the problems of ‘consciousness’, or labour will have to be 
b Rie ehavior must stand alone as a wholly separate and independent science.” 
has fulfilled. picompioimisinely with a threat that the subsequent history of psychology 
i wee cs a d human psychologists fail to look with favour upon our overtures 
as subjects who ify their position, the behaviorists will be driven to use human beings 
Bee ESI O wes methods of investigation which are exactly comparable to 
modest enor p pye in the animal work.” The claim Watson is making now seems 
subject to z d at behaviour should be studied in its own right and not be constantly 
Si Behavisac ea interpretations.” Having put the case for the scientific study 
Geefuinese te cl early Watson indulges briefly in the kind of optimism about its everyday 
came to pla he educator, the physician, the jurist, and the businessman’ — that 
chavionsal se much larger part in his later writing. He sees the psychologist as a 
This chat gineer, a kind of consultant for the control of behaviour. 
lan guage oe oe together with some provocative speculations about the relations between 
stands ve thought (he predicts that a man without a larynx would be unable to think) 
and iw by itself. The book is a curiously ill-combined mixture of manifesto 
if ihe stad k. The larger part of it is a convenient summary of methods and findings 
y of animal behaviour. Much space is devoted to leisurely and meticulous 


€scripti 
habit Leer apparatus and procedure, and to detailed analysis of work on instinct, 
any licence a and sensory processes—work carried out for the most part without 
mainly as a rom a self-conscious “behaviourism.”” Watson’s textbook reputation is 
resourceful — e and it is perhaps useful to be reminded here that he was also a 
ion is prick, i a ae His interest in sensory processes and the study of discrimina- 
we are likel a arly strong, and there are a number of places in which he anticipates what 
Siseiag ae ‘0 think of as more recent developments. He deals for instance (p. 68) with 
echniques rtain unlearned response tendencies 1n the study of discrimination, and outlines 
very similar to those currently used for teaching animals errorless discrimina- 


tions (P. 69). 
to the theoretical analysis of learning. 

i tudy of sensory processes, 
ng rejected the Law of 
TE ig. o me f frequency and recency. Nevertheless, 
worth pointing out that most of the explana prioceptive stimuli, 
learning theorists so well for another 


40 
years, are used here by Watson. 
M. H. SHELDON. 


Th 
s SeN ology of Communication. By George A. Miller. London: Allen Lane the Penguin 
ress. 1968. Pp. vii + 197- 358. 
h only one, the inevitable 


This immensely readable book contains seven essays, of whic 
dina psychological journal. The 


ee 
ite Number Seven,” has previously appeare 

hree cover recoding and jnformation-processing, the fourth deals with psychical 

d with computers and psycholinguistics. The 


Te 
i a ap and the final three are concerne 
of S m this book are original and inter 
Psychology. 

on ae three 1956 essays On human information-processing ar’ 
he c ing and recoding, & hitherto-neglected phenomenon in 
deta, sccPt of a limited information-processing capacity is 
er se although there is some confusion between a capacity of 
econd,” which deserved clarification, The three more recen 

dikoa, o oolinguistics make interesting reading, particularly tl 
excell sion of the impact of computers: In my opinion, the only weak poi rw 
Tevie ent book is the essay On psychical research, which consists entirely of a critical 
ality a of C. D. Broad’s Lectures on Psychical Research. Since the essay lacks the origin- 
fro and significance of the other six, Í think it would have been better omitted. Apart 
I would recommend this book to anyone with any interest in 


™ this o vati 
Psychol = reservation, 
85 D. P. FARRINGTON. 


t significance in the development 


e notable for their emphasis 
psychological experiments. 
also expounded in some 
“pits” and one of “pits 
t essays on computers 
he most entertaining 
oint of an otherwise 
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ANNOUNCEMENT 
PROPOSED EUROPEAN BRAIN AND BEHAVIOUR SOCIETY 


We, the undersigned, wish to Propose the formation of a EUROPEAN 
BRAIN AND BEHAVIOUR SOCIETY. The objects of the Society shall be 
the furtherance of scientific enquiry 
relationships between brain and bel 
which papers areread and discussion: 
and education materials made 
interrelationship of brain and 


within those fields that bear on the inter- 
haviour by holding periodic meetings at 
s held, by the dissemination of information 


available as a consequence of research in the 
behaviour, 


, and by such other activities as may 
be decided upon by the Society. 


nterested in becoming 
a member of the Society te as soon as possible to Dr. A. Cowey 
(Institute of Experime South Parks Road, Oxford, England) 
stating their qualific present work and interests. In addi- 
tion, it would be ap y opinions and suggestions about the general 
aims of the proposed Society could be expressed at the same time, and if 
applicants would state whether they 
meeting of the Socie 5C 


J are willing to deliver a paper at the first 
1 n i ty, reporting scientific work that is considered to be in 
line with the aims of the proposed Society, 


(Signed) K. Akert, Zurich 

A. Cowey, Oxford 

M. Frankenhacuser, Stockholm 
EL G. J. M. Kuypers, Rotterdam 
J. Paillard, Marseille 

D. Ploog, Munich 
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foe OF INTERPOLATED EXTINCTION AFTER 
TIAL DELAY OF REWARD TRAINING ON SUBSEQUENT 
REACQUISITION AND EXTINCTION 


BY 


C. 
THOMAS SURRIDGE, KAREN R. MOCK,* and ABRAM AMSEL 
From the Department of Psychology, University of Toronto 


Four r 
On the age a albino rats were run four trials a day in a straight runway for 44 days. 
5 days, two groups were given continuous immediate reward (IR) and two 


8roups a 
50 per cent. schedule of 30-sec. partial delay of reward (PDR). On the next 
extinguished, while the other IR and 


15 d 

Pp i IR group and one PDR group were 
8 days of He remained on their original schedules. In the third phase, all groups received 
n the first BE a on IR. Finally, all groups were given 6 days of extinction training. 
Second ar pees inction, PDR produced greater resistance to extinction than IR. In the 
e two IR ion period, the PDR group which had previously been given extinction and 
While the POR oe extinguished relatively rapidly and at approximately the same rates, 
i R group which had not been extinguished was significantly more resistant to 


extincti 
nction than the other three groups. 


INTRODUCTION 
rd (PDR), relative to 


n extended period of 
uisition 


Increased resistance to extinction after partial delay of rewa: 
can be sustained through ai 
and extincti a 1 ls interpolated between PDR acq 
nction (Donin, Surridge and Amsel, 1967). Essentially the same result was 

(e.g. Ross, 1964; Theios, 1962). 

response persistence is 


to IR conditions, and that this persistence 


rry through suspended training, blocks 


iour in a later extinction 


epen PEA : 
ds on associative factors which can ca 
ffect behavi 


training, and changed motivation to a 


ase, 
nts have contributed to our understanding of 


S 
Aa recent three-phase experime 
Phenomena. Harris, Smith, and Weinstock (1962) found that extinction trials 
R training in Phase I and reacquisition under 


(Ph; j 
ase 2), interpolated between IR or P. 
i i iate shift toward higher asymptotic performance 
riment of the same 


rpolated extinction 


Sort x 
a Surridge, Boehnert and Amsel, 1966) į 
was extended very greatly, an “elation” effect was not found in Phase 3 IR 
ested that, while a relatively 


Tea, Cee 

ae ation, The results of these two experiments sugg 
extinction period might serve to raise the drive or arousal level of PR and IR 
such motivational effects would be expected to 


Subj 
ie ects due to frustrative excitement, 
p pear following a very extended extinction period (Surridge, Boehnert and Amsel, 
> P. 565). This reasoning depends on some of the assumptions underlying 


* 
Now at the Ontario Institute for Studies in Education. 
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ini varded 
frustration theory (Amsel, 1958, 1962). After some minimal Auber o: i een 
trials, sufficient for the development of fractional anticipatory Te CE ortie 
reward in PR training results in primary frustration (Rẹ). Rẹ is e a i 
conditioning of fractional anticipatory frustration (ry), the anteda a seal urapete 
aversive goal response to nonreward, which is assumed to have Seite ape: 
ties. One indicant of such motivational properties is the Goodrich- TR E R 
effect—the initial inferiority and eventual superiority in acquisition 0 eee n 
performance (vigour), usually gerry ih the e segments of a resp 
: 59; Surridge et al., 1966; Wagner, 1961). 1 ži 
oes may = orate up as follows: the effect of a few extincion i 
would be to add conditioned frustrative excitement (rr) to the eS in higher 
for both PR and IR subjects. Such an increase in drive would be eure =! a 
asymptotic performance when these subjects were switched from extinc veel 
reacquisition. On the other hand, since rp and Tp are, by definition, 


£ É to the 
conditioned responses, a very extended period of extinction should lead first 
extinction of rp-Sp, 


i af : umed 
and then to the extinction of rp-sp, the mechanism ass 
mediate persistence. 


; -phase 
An implication of such reasoning was tested by Boehnert (1967) in a on te an 
experiment. In the main experimental condition, PR training was follow tinction 
extended extinction phase, and then by IR reacquisition and a second a experi- 
phase (PR > EXT > IR + EXT). Extinction performance in the og other 
mental phase was very similar to extinction after IR training alone. On > EXD) 
hand, omission of the extended, second-phase extinction period (PR ~ IR dings of 
produced the usual partial reinforcement effect (PRE), similar to the fin 
Theios (1962). 


reward acts frustratively like nonreward. If this is the case, the earlier findin 
PR (Boehnert, 1967; Surridge 


et al., 1966) should also obtain for PDR. The 
ment we report tests this prop. 


à METHOD 
Subjects 


lie! 
3 upp 
The subjects were 32 male Wistar albino rats, approximately 70-80 days ola nain 


by Woodlyn Farms, Guelph, Ontario. They were housed in individual cages a how: 
tained on ad libitum water. The daily 


ration of food was 10 gm. of Purina lab 
Apparatus 


The apparatus was a straight enclose 


painted flat stay, and a 5 ft. 3 in. alley, 


-p 
; start 

d wooden runway consisting of a 134 in. 5%., w 
and narrowed to 2 


in. Si 
painted flat black. The start box was 3" ised 


: ý mpr n 

: in. while the width of the runway wa: in. The goal area CM piniu™ 
the last 14 in. of the alley, and was separated fromthe aie | of the alley byan stance e 
guillotine retrace door, The runway was covered with a plexiglass lid. S bj om 7 
not handled at the start of a trial but were maintained in the experimenta es wer 
individual wooden boxes with sliding aluminium lids, which served as entry DO* ae 
runway. These boxes in, 4 


i . Ai raid tee ‘he stat ter. 
i 3 in. X 3 in. (inside dimensions). T imen 
was of plexiglass, and dropped when an electrical see aoe bee en by the ee fioo» 
In the end-wall of the goal-box was a 1}-in. square Opening, 4 in. from the goa” interrup; 
which allowed access to the food cup. A Model D Gerbrands unit, activated DI used 
: i e food s ter timer 
allow delay of operation of the Gerbrands F ood pellets. A Hun 
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Procedure 

mee design. The rats were randomly assigned to one of four groups, an 

Gon PERE an IR-Extinction (IR-E) group, a PDR-PDR group, and a PDR-Extinc- 

tient oo group. These group designations cover the first two phases of the experi- 
: he third and fourth phases were the same for all groups and were, respectively, 


pa extinction. 
Ee cgi The animals were placed on a ro-gm./day deprivation schedule 14 days 
Onthe F he start of the experiment, during which time they were handled and tamed. 
the ida ays prior to the beginning of experimental training, they were allowed to explore 
Tinwa way in groups of three for approximately 3 No food was present in the 

E y on exploration days. 

oe SER imental training. The individual entry-b' 
ae ae the entry-box door was raised. 5 The start 
e a the rat oriented toward it. When he entered the goa! r 
ed. The rat was removed from the goal-box immediately after eating on rewarded 


trials: l 
ials; on all extinction trials confinement duration was 60 sec. The subjects were 
each squad. The order of running 


ti f 
aa two squads of 16, four from each group in i 
ae s on the four trials of a day was the same, but was randomized from day to day. 
ae interval was between 20 and 25 min, All 16 subjects ina squad were 
min ce to their home cages after the day's trials and given their daily food ration 30-40 
= an T. 
30 oe both extinction sessions, the rat was removed from the runway if it took more than 
hee to traverse any segment of the alley. A time of 30 sec. was recorded for that 
exti ent and for each of the remaining ones on that trial. A record was kept of all 
ponon trials on which the subject retraced (turned completely around) in the runway. 
recei “perimental phases. The experiment was run in four phases. In Phase 1 subjects 
goed a total of 60 trials. There were four trials per day throughout the experiment. 
Seren was two 250-mgm. Noyes pellets (500 mgm.). Groups PDR-PDR and POR E 
goal Tewarded immediately (I) on 50 per cent. of the trials and were delayed ( ) in the 
-box for 30 sec. prior to reward on the other 50 per cent. of the trials. On any day 


: . 
here were two D trials and two I trials, and the daily sequences used were as follows: 
ences were randomly assigned to subjects 


Within a day so that all subjects did not receive the same sequence on any day. Groups 
-IR and IR-E were immediately rewarded throughout Phase 1. In Phase 2, sae 
ie and PDR-E were run 60 extinction trials. The reinforcement schedule oe Tonpa 
Subj R and PDR-PDR remained unchanged in this phase. In the third p aS 
to were run 32 trials to IR. For those in Groups TR-E, PDR-PDR, an Poes 
not for Group IR-IR, this represented a change in the reward schedule from Phase 2. 
hase 4, all subjects were run 24 extinction trials. 


—4 min. 


ox was placed at the end of the start 


door was dropped by a remote switch 
l-box the retrace door was 


RESULTS AND DIscuUSSION 
Acquisition (Phase 1) 


Analyses of variance were performed comparing the speeds of Groups IR-IR 


and IR-Ẹ, and of Groups PDR-PDR and PDR-E over the first phase for each of the 


Ve runwa) i the Grou, main effect nor the Group X 
measures. expected, neither the p mai l 
: ee ee n any measure in either of the comparisons. 


ay interacti ienificance i k 
ccordingly, the an Faure I are for combined IR groups and combined oo 
8toups. Initial acquisition performance was very similar for IR and PDR, oH 
Temained so in the Start measure throughout acquisition, while average PDR speeds 
came greater in the three Run measures and in the Goal measure z 
.°W days of training. However, neither Group main effects nor Grou 
mferactions suggested significant differences between IR and PDR in any ae 
The speed data for the last three experimental phases showed the mia 
Mance differences between the four groups in each of the five measures 1n = p a 
€ five measures were therefore combined to form a total alley measure, TER 
Verted to speeds (ft./sec.). The lower panels of Figure 2 show these overa® SP 
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j FIGURE 1 


Mean speed (ft./sec.) 


5 6 + 


£ o wo Ww 2 3 4 IS 
Days (blocks of 4 trials) JGroups 
š for, 
Mean speeds in Phase I for Groups IR-IR and IR-E combined and 
PDR-PDR and PDR-E combined in blocks of four trials. 


race 
sent rer” n 
for each group for the last three experimental phases; the upper paneis i extincto 
data from the two extinction phases, plotted above the correspon 
speed data. 


Extinction 1 (Phase 2) 
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FIGURE 2 
Extincti iti 

g inction | Reaquisition Extinction 2 
2 
g0 
3 5 PDR-PDR 
54 PDR-E 
58 IR-E 
ao 4 
È 2 IR-IR 
ze 

ars 

g 

a 

pa 

R3 

= 

D 

v 

o 

a 

v 

c 

3 

= 


Days (blocks of 4 trials) 


Mean t 
Plotted cg alley speeds plotted in blocks of four trials (lower panels), and retrace data 
number of subjects retracing per day (upper panels) for the last three 


& : 
Xperimental phases. 
Whethe š 
ays mae terms of retraces or speed. Anal variance on the speed data over 
Not a si sai a significant Group main effect, F (1, 14) = 471 p < 005, but 
ays TR cant Groups X Day interaction. Analysis over the last 7 extinction 
cated that neither the Group main effect nor the Group X Day interaction 


Was sign; 
S significant (F < 1-00). 


ysis of 


el of Figure 2 reveals no tendency for Groups 
totic speeds in the reacquisition phase than 
rming at 


R es 

ee (Phase 3) 
(no ES ation of the lower centre pan 
the non and IR-E to show higher asymp 
about pe gushed groups. By the end of this phase they were perfo: 
he level of Group IR- ched from PDR in the first two 


IR. The group swit 
dence of higher performance level than 
ather 


Pha 
efore et in the third also shows no evii 
+ The reacquisition curves of Groups TR-E and PDR-E appear to be r: 
n curves. The results of this phase and the 
dge et al. for PR (1966, Fig. I, 


typi 
Pic ; 
al negatively accelerated acquisitio 


lly similar to those of Surri 


TSt t 
4 ; 
wo phases are essentia 


P. 567). 
Diras 
et 2 (Phase 4) 
oth the retrace and the speed data of the final experimental phase (right-hand 
PDR-E extinguished very 


s IR-IR, [R-E, and 
Group PDR-PDR, however, extinguished more 
to the initial extinction 


Pan 3 
els of Fig, 2) indicate that Group 
formance being similar 


tapi 
lom and at about the same rate- 
ly than the other three groups, Per 
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: istic of 

of Group PDR-E, and showing the initial positive acceleration oead N 
extinction following partially reinforced acquisition (Amsel, Rashotte ao p, 
1966). This should be compared with the sharp initial drop and negative a ned Gee 
of the other three groups in extinction. Analysis of variance on the P fell 
comparing Groups PDR-PDR and PDR-E yielded a significant Group TE 70) = 
F (1, 14) = 40-10, p < 0-01, and a significant Groups x Day interaction, A "erent 
11-33, $ < 0-01, indicating that the two groups did in fact extinguish a 
rates. — 

Analysis of the data of Groups PDR-E, IR-E, and IR-IR over the six aes 
days revealed no significant Group main effect (F < 1-00), though the ae bc 
interaction did reach a conventional level of significance F (10, 105) = 2°59) ? otii 

Donin eż al. (1967) have shown that the partial delay of reinforcement ea 3 
effect (the PDRE) will occur even when a period of suspended training and Ps of the 
IR trials are interpolated between PDR training and extinction. The resu PDRE 
final extinction phase in the present experiment replicate this finding: e EPD 
was clearly evident in the Phase 4 extinction comparison of Group PD IR-IR 
(PDR training followed by a block of interpolated IR trials) and Group 


s zever, 
(continuously reinforced training throughout followed by extinction). Howe 
the major findings of the pres 


in PDR acquisition and is sustaj 


training, the response-produced 
counterconditioned to approach and lead to an 
Moreover, the PDRE, like the 
extinction, implying, s of 
: i > important to tation of PDR phenomena in ay f 
Tustrative nonreward factors d i tinuous zd 
reward (CDR); if subj oes not necessarily apply to conti 


PRE: 
n e 
extinction effect similar to th tended 


regarding the effects of © ar%, 


that if 
» 1965). Very recen n 


t 
ut to an asymptotic level of performance (which has Eh that 
T experiments), Tesistance to extinction is not very differen n nder 
Dyal, and Anastasio (1967) found that asymptotic acquisitio o that 
5 and 15 sec. produced resistance to extinction equ# t that, 


the case in earlie 
for IR. Sgro, 


: 0 
» asymptotic perform _ actually Pt 
less resistance to extinction ¢ p The uder CDE: of 30: BES 


g > t e 
D ; he poi here is that, £ thos 
similar mechanisms control point we would make 


Pae s PR, 
3 acquisitio; i DR and 
underlying CDR are not the oa Be S nin a i 
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effects we h 
ave employed. For example, those who favour a discrimination hypothe- 


Sis (e.g. Bitt : 
more readily diac Fedderson and Tyler, 1953) hold that the onset of extinction is 
ave Gein — after IR training than after PR training; that PR subiecta 
because of ther emganna. the transition between acquisition and erion 
experiment pa peor experience with runs of nonrewarded trials. In the present 
ing PDR Fa ; me the first extinction can be regarded as less discriminable follow- 
R, OR n owing IR if delay of reward is more similar to nonreward than is 
of the PDR g for slow extinction following PDR. The more rapid second extinction 
reward and n grop oe be attributed to discriminative training between delay of 
Interptstation a war 1, in the first extinction session (Phase 2). Although this kind of 
rom the eee ces to account for the PDR-E and IR-E data, there is evidence 
Bi adequate ov sr ype and elsewhere against the discrimination hypothesis as 
number of IR t a explanation of PR and PDR phenomena. Interpolating a 
serve to isolate OR s between PR or PDR training and extinction would presumably 
reinforcing = or PDR from extinction and thus provide a sharp contrast in the 
training aA ents at the onset of extinction, similar to that experienced after IR 
tence high wes Several experiments, however, have shown that the relative persis- 
locks of pie from PR or PDR acquisition can carry through suspended training, 
Ment chee o changed apparatus, and even changed motivation and reinforce- 
e extinct es 7; Donin, Surridge and Amsel, 1967; Ross, 1964; Theios, 1962). 
on data of our Groups PDR-PDR and IR-IR represent a replication of 


ie of these findings. 
Y 
a tier current interpretations of PR and PDR phenomena, Logan’s 
Te-ing” to cue $ ogan, 1960; Logan, Beier and Kincaid, 1956) that subjects “stop 
to bea es ollowing nonreinforcement is not ruled out providing it is reasonable 
tintrema PDR subjects do not make res during the 30-s¢ec. period preceding 
increased by. Logan's theory states that “resistance to extinction is assumed to be 
anticipator y any training procedure which permits extinction of the fractional 
Tegular tne is response to the cues which occur on nonreinforced trials after the 
Beneralizatio a reinforcement” (Logan et al., 1956, p. 70). Also, Capaldi’s (1967) 
ments (Nene ecrement theory, in terms of the sequential effects of nonreinforce- 
apaldi wo — can specifically predict the results of our experiment. Moreover, 
rst aen predict (as would we) greater resistance to a second extinction if the 
PD. tr ion was short, but less resistance if the first extinction was long (1967; 
P A On the other hand, cognitive dissonance theory as applied to PR and 
effect E a (Lawrence and Festinger, 1962), would not seem to predict the 
he second extinction of the Phase-2 extinction of Group PDR-E. Lawrence 


and Festi 
estinger explain greater resistance to extinction after PR and PDR training in 
develops for the experimental situation 


€ 
en extra attractions” that a subject ori 
‘extra eee or delay trials. Moreover, they state most explicitly that “These 
Suab] tractions’ are not removed during extinction trials” (1962, P- 57)- Pre- 
extinctio , their prediction as to the performance of Group PDR-E in the second 
Diocese on would be exactly opposite to our obtained results. The influential two- 
Offered analyser model of discrimination learning, which has also recently been 
1966) as a theoretical contender in the explanation of the PRE (Sutherland, 1964, 
like ge also be applied to explaining out present results. If PDR is assumed, 
Prolone. to increase the number of analysers switched into responding, and if the 
mged first extinction phase breaks tween these analyser 


out the attachments be 
Puts and responding, the rapid extinction of the PDR-E group would not be 
is then what this ki 


un 
inated The question i nd of attention theory says about the 
of condition represented by the PDR-PDR-IR-E group: Do the attachments 
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r : : d IR 
between a number of analyser outputs and responding survive the interpolate 
training or not? 
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INFLUENCE OF ACCOMMODATION ON THE VIEWING 
OF AN OPTICAL ILLUSION 


BY 


MICHEL MILLODOT 
From the Hunter Laboratory of Psychology, Brown University 


Sina Bites demonstrates the role of microfluctuations of accommodation in the 
consisted re concentric ring illusion. Four experiments were carried out. Experiment 
angle, lumi of changing the distance between the illusion and the eyes but retaining visual 
eyes is sre and pupil size constant. In Experiment II, the accommodation of the 
cular a Paraya bya cycloplegic. In Experiment III, the illusion is shown to a mono- 

phakic and in Experiment IV, the exposure time is varied between 1/100 and 5 sec. 


u ` ; eames eer : 
hee yas a series of observations compared the concentric ring illusion seen with both 
other, pea i The evidence provided by the results of these experiments plus 

s discussed provide evidence that the concentric ring illusion is caused by the micro- 


uctuations of accommodation. 


INTRODUCTION 

described an optical illusion made up of 
en this figure is observed, a propeller 
This particular effect is due to 


bia t over a century ago, Helmholtz (1867) 
efect and white concentric circles (Fig. 1.) Wh 
thek or a rotational sensation of radial lines is seen. part 
in wa that along the brighter meridians, the black and white lines are sharp whereas 

om other areas they are blurred and out of focus. Helmholtz attributed this 
a ane to the accommodation of the eye because he noted that as you change 
clea istance between the pattern and your eyes other portions of the pattern become 
“er thus giving the impression that the clear radial lines are rotating. He also 

z LÌ Dass die beschriebenen Erscheinungen von einer Asymmetrie des Auges 
wen is zunächst klar... .” The asymmetry of the eye to which he refers is 
si hing but astigmatism. Le Grand (1965) shares the opinion of Helmholtz but 

nce Arnulf and Dupuy (1960) have shown that the microfluctuations of accom- 


Modation are astigmatic i.e. the ciliary muscle contracts asynchronously in different 
Je for the propeller effect seen 


Sa he suggested that they were likely responsib! 1 
when looking at Figure I. If the accommodative system of the eye is responsible, it 
llusion to the microfluctuations 


is indeed appropriate to attribute the concentric ring i 
ot accommodation since one n ven when the pattern and the head 


otes the illusion € 
ate fixed. The microfluctuations of accommodation first described by Arnulf, 
“upuy and Flamant (1951) are of the order of o'x diopter in amplitude in photopic 
Vision looking at a threshold target at optical infinity. Their dominant frequency 1S 
about 0-0'5 c/s. as was measured by Campbell, Westheimer and Robson (1959) using 
eir infra-red optometer (Campbell and Robson, 1959). Moreover, Campbell and 
i obson (1958), pointed out that the time course of the mo 


vements of the optical 
illusion corresponds to that of the microfluctuations of accommodation. 

Very recently, Evans and Marsden (1966) carried out an experiment in which they 
Stabilized the retinal image of this illusion (among others). They used an after- 
Mage as their method of compensating for eye movements as this affords a perfect 
Stabilization as compared to optical systems. They observed the concentric ring 
ilusion before and after stabilization and found that the propeller effect disappeared 
When the image was stabilized. Thus, they concluded: “The absence of the radial 
Propeller effect in stabilized vision seems to make it quite certain that the phenomenal 
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lines are a function not of cortical scanning but of eye movements and consequent 
shifts of the image across the retina.” The opinion that eye movements are respon- 
sible for this phenomenon is also given by Pritchard (1958) and Mackay (19574) 
suggests that it may be of central rather than retinal origin. However, Evans ce 

Marsden’s method consists of placing an image of the very bright pattern on t e 
retina and to observe its after-image. Consequently, they eliminate at the same time 
both the effect of the involuntary eye movements and of the accommodative system 
of the eye. Thus, it cannot be concluded that either eye movements or the micro- 
fluctuations of accommodations or an interaction of the two 
would demand that either one or the ot 
same time. Moreover, it can be objecte: 
in order to note subtle variations wi 


are responsible as t 
her factor be eliminated but not both at t 


the 


EXPERIMENT I 


A d 
between the pattern and the observer is variko 
quested to compare the amplitude of the motion of the radial fluc 58) 
heir frequency at different distances. Campbell and Robson (19: 


È «a nity: 
effect disappears when the eye is focused at infinity 
Subjects 


Five subjects S.M., K.F., M å 2 icipated in 
these s They A hig vai M.M., C.S.) with an acuity of 20/20 particip 


i ith visual 
experiments, veen 23 and 29 years of age and familiar W. 


FIGURE 1 


Apparatus 


The concentric ring illusion ; i i 
projector (Kodak Co.) onto a a ENOR E 
tive. The room was kept dim. The lumi 
with an S.E.I. photometer, a 


It was projected by # 
A camera shutter was attached to ee 
In order te nance on the screen was 8 sone ici patteri 
a “Cer to keep the vi ded by an! 
bl osimately constant, the subject and fhe Poor eee nest to each othe g 7 
neither was moved throughout the experiment. The pattern subtended an angle 
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rt couieas The width of a line was about 7 min. towards the periphery and decreased 
TR ely to 2 min. of arc in the centre. The screen only was moved at the three 
oe ces used; namely, 4 m., 2 m. and ı m. The luminances at these three distances 

T equalised using the diaphragm incorporated in the camera shutter. 
he subjects wore their corrective lenses if any. The left eye was covered and an 


artificial pupil of 3 mm. was placed in front of the right eye. If the subject did not wear 
8lasses, a trial frame was used. 
Procedure 


The screen was placed at any of the 
e subject was asked whether he note 


three distances and the subject shown the pattern. 
d the propeller effect of the pattern and to note if 


Roseibic: the amount of motion (a quarter of a circle, a half of a circle, etc.) of the fluctuat- 
ne radial lines and their frequency by pressing a counter each time a line fluctuated, 
di Io sec. of observation. The screen was then placed at another distance, focused, the 
ameter of the diaphragm altered accordingly to keep the luminance constant and the 
Pcedure repeated. Two series of observations were thus carried out with each subject. 
€y were requested to lean their heads against the wall behind and to remain as steady 


as possible during the observations. 


Results 


All five subjects noted that the effect was more marked, i.e. the motion and the 
frequency of the fluctuating radial lines were greatest at I m., less at 2 m., and much 
less at 4m., but the effect was still present at 4 m. At 1m. one subject for whom the 
effect appeared more regularly noted that the motion of the lines seemed to cover 
half a circle although sometimes the whole circle and the frequency was established 
to be of the order of x c/s. by having the subject count each time the line moved in the 
Same direction. At 2 m., it appeared to be of the order of 0-5 c/s. and of the order 
of o-25 c/s. at 4 m. These values are very approximate as it is very difficult to 
Observe such a pattern steadily, and if fixation is maintained in the centre of the 
target after a few seconds Troxler’s phenomenon (disappearance effect, Troxler, 1804) 


interferes with the observation. Thus most observations were made with free 
not possible to obtain 


fixation to avoid this phenomenon occurring. However it was poss) 
quantitative results except to note the amplitude of motion of a line in terms of a 
alf ora quarter of a circle and the observation that the fluctuating lines rotated more 


often. What made it impossible for the subjects to record the frequency pressing a 
key was the fact that a line may appear in one meridian then disappear and another 
appear in another meridian and this occurred quite irregularly in time and space. 

_ With two of the five subjects a series of observations were carried out while 
biting a dental impression. The effect was compared with the situation in which the 
Subject held his head steadily. The effect was less marked when biting a dental 
impression and it must be implied that slight head movements increase the effect. 

ith the head maintained by the bite board the subject looked at the target placed 
at 33 cm., thus inducing 3 diopters of accommodation. Negative lenses (—1:00, 
2:00, —3-00, —4'00) were placed randomly in front of one eye and the subject 
asked to compare the effect with the standard, that is without the negative lenses. 
he results showed that the effect was greater the more powerful the lens, or the 


arger the accommodation stimulus. 
EXPERIMENT II 


ommodative system of the eye is paralysed, and its 


g illusion is thus assessed. Campbell and Robson 
sappears when paralysing the eye with homatro- 
t a more effective cycloplegic 1s used (Mitchell, 


In this experiment, the acc 
Influence on the concentric rin 
(1958) have noted that the effect di 
Pine eye drops. In this experimen 
1959). 
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Subjects 


i eriment 
Four of the subjects (S.M., K.F., M.M., C.S.) who took part in the first exp 
were used. 


Apparatus 


s in Part I. The 

ic ring illusion was projected by the same system as in EA 
e spe the Aes was paralysed by one drop in each eye of celoga a Tar an 
Cyclopentolate hcl.). Accommodation was measured before instillation o; bjects was 
f a See 5 min. After that time the mean accommodation for the four pea pupil of 
A ‘dio ter. The accommodation was measured monocularly with an ania L. Thus, 
3 a ee 20/20 letters moved towards the eye and of a luminance of 13 . 


2 4 serve the 
the remaining amplitude of accommodation was sufficient to let the subject ob: 
pattern at I m. 


Procedure 


; 1d also 

Part II of the study was carried out just after Part I so that a apa ps age moda- 

be made between the observations made before and after paralysis of the eriment wa 
tion. The same procedure as in Experiment I was employed. The ats its effect is 
carried out about 50 min. after instillation of the drug as it is known tha 
optimum after that time (Mitchell, 1959) 


Results 


jects 
2m. 


EXPERIMENT III 
The influence of accommodati 


PRE t, 
on can best be assessed when it is not presen 
aphakic subjects, particularly m 


onocular aphakic, 
Subject 


i erimen'”* 
each eye. The subject had no experience with visual exp 


Procedure 


he 
, ted t 
The concentric ring illusion was first shown to the normal eye. The subject Pher eye 
effect. Then this eye was covered and the artifical pupil placed in front of the 
The procedure was repeated Several times, 
Results ee the 
. s 

The propeller effect was easily noted with his normal eye. He did not 

effect with his aphakic eye. 


EXPERIMENT IV 


m 
$ anaon ig varied fro 
Te time of the concentric ring illusion is va" 

Steady exposure of 5 sec. 


In this experiment the exposui 
short exposure of 1/100 sec. to a 
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Subjects 
Five subj j 7 
jects (S.M., M.M., B.W., C.S., C.G.) t i i i 
av 5 | , , ., C.S., C.G.) took part in this ex, 
e a visual acuity of 20/20 and are familiar with SL a a S Taree 


Apparatus 
Th i 

umi z pe appa ns as in the other experiments was used. The screen was placed 
eana of the eyes. Short exposures were compensated by the use of higher lumin- 
of simona accordance with Block’s law so as to achieve approximately equal intensities 

Pe on. The background on which the concentric ring illusion was projected was 
aea an in the other experiments; it had a luminance of 12 ft. L. and the pattern had 
appeares ne of roo ft. L. On the area of the screen where the centre of the pattern 
Pattern, , a small fixation point was drawn to maintain fixation before projecting the 


P vocedure 


Tv + r 
Was pli a was adapted for a few minutes before beginning the experiment. He 
; shown the concentric ring illusion 5 times with a 10-sec. interval at each exposure 
was repeated in the reverse direction. In the 


ti 
ra = 1/100 to 5 sec. The experiment v 
used a of observations, the exposures were presented at random. The exposures 
obtained b 1/100, 1/25, 4, I, 1:5, 2'5, 3 and 5 sec. The exposures beyond 1 sec. were 
camera pues using a stop watch calibrated in 1/10 of a sec. and pressing the trigger of the 
artifical utter on and off. The subject observed the pattern monocularly with an 
pupil of 3 mm. and keeping his head as steady as possible during the observations 


b i z 
Y leaning against the wall or resting it on his arm. 


Results 
None of the subjects saw the propeller effect for exposures between 1/100 and 
jon that the illusion was only 


as They all noted it for 1 sec. but with a sensati ; 
effec A » at least in the amplitude of the motion. However, one subject did note the 
i (partial) at 4 sec. but it appeared normal at x sec. For the other four subjects 

concentric ring illusion appeared normal at 2 sec. for three of them and 1+5 sec. 


e 
Xposure for one of them. 


DISCUSSION AND CONCLUSION 


The results of these experiments demonstrate the role of the accommodative 
In Experiment I, it was shown that the motion 


8 ; aa 

ee in the concentric ring illusion. 

T the frequency of the illusion increased as the pattern moved closer and when 
€gative lenses were placed in fron i gle, luminance 


as a function of accommodation and Arnulf and Dupuy (x960) proved that these 
i idians of the eye but were astigmatic. 


f the increased sensation of rotating 
and when accom- 


the illusion is approximately the same as that of the 
Campbell and Robson 


€ frequency of occurrence of 
h as the drifts and saccades are 


(arofluctuations of accommod: 
s 958). The other involuntary eye move 
Ower and of an order of magnitude comparable to that 
the Mackay (19576) who stabilized the retinal image r 1 : 
Us eliminating the involuntary eye movements, and leaving the microfluctuations 
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7 eye move- 
illusi 7 ffected. Involuntary ey 
ion, found that the illusion was una effect of ey 
a aes mim major contribution to the phenomenon. a Mp 
DE 7E ould only shift the pattern in space rather than produce 
movements wi e: 
within it. lf and Dupuy (1960), the mi i 
According to Campbell ef al. (1960) and a a tropine and this obvious y 
i tion are eliminated by homatro a tive drug. 
fluctuations of accommoda A whidirisca mudh moreiciect ea 
other cycloplegics such as cyclogyl whic al ; toeni 
-e i is i ei that they were completely eliminated ite eee: rte 
ca the noise level of their measuring instruments. This possibi in and coul 
be “h fact that some accommodation is still present with abeng ring illusion i$ 
by 1 o why in some of the subjects of this experiment the ree ae kept in mind 
SH ES absent after instillation of the drug. It must also maaan blink 
that the instillation of a drug into the eye is open to error since some s in one 
more and lose some of the contents throu r e = other: 
subject, the course of pupil recovery was much longer in one eye tha 
The elimination of t 


w experiment (1957 
This result is in agreement with Mackay’s oe the retina 
who found that the concentric ring illusion is unaffected when stabilize ring illusion 
by means of an optical system. The speed at which the concentric 


ih 
é ord W! 
subjects and is more in acco™ ts, 


dat 
e 


other. Five subjects 
them had an anisometropia (a difference in 


I diopter. It is known that the accomm 
(Ball, 1952). When such i 
illusion would 


e 
ndings obtained in this study on the one hand and pvans soft 
i ments of Mackay (19570) an ing ilus’? 
quite clear that the concentric 1 ne 
ions of accommodation and it is un 
ts or central factors. ideale ang 
S encouragement throughout this to one 


: me to indiy 
dle, O.D. for having introduced v so Kin 
dents of the Laboratory who 
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A “jndepen- 
The purpose of the experiments and analyses was to discover whether the ea 
dence” model, which successfully accounts for the perception of synthetic me of four 
sional stimuli, would also describe the perception of speech in noise. _Two si pent of 
words were chosen which could be considered phonetically to be describable dimensional 
two dimensions. The S/R matrix was analysed as if the stimuli were bi- nal Two 
elementary stimuli. Satisfactory fits were obtained by the independence a“ U9 64) to 
analyses were conducted upon data from Miller and Nicely (1955) and Conra 


$ dence 
discover whether the perception of phonemes was also predictable on the indepen 
model. In general this was found to be the case. 


INTRODUCTION lying 
The perception of speech exhibits features which suggest that its eee 
perceptual mechanism may be in some way different in principle from tha! nd the 
processes other auditory inputs. It is probably the largest auditory input, ee by 
major initiator of changes in behaviour. It has “meaning.” It can be disto mpli 
peak clipping, filtering, masking, teverberating, by phase distortion, time $3 


3 induc 
y physical changes which have been rocessed 


puts are 


One way to decide whether speech 
to that of oth i bdi 


. . . ws 

r her auditory inputs is to discover whether a successful mo el pritë 
type of input is equally meaningful for the other This is the purpose of the 
analyses and experiments. 


The non-speech system f ulti 
, m 
Perhaps the simplest and most successful mod P eption OF -cally 
z : 1 be the percep sica 
dimensional elementary stimuli have been based on a the Phys at 
defined parameters are de ith i endently by the perceptual system (e-8- mewhas 


ed three ti 
Hz, but was unmodulated ; A,B. ee 


unmodulated tone, 
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After training which ensured that they could be reliably nam d, V 
the aii were presenten in noise for iden tihcation. 5 eap Be ee eee 
reasoned that if an observer’s judgment about one parameter were uninfluenced 
py the particular value taken by the other (i.e. that he aras ior example, as likely to be 
opere in judging A, to be A, given A,B, as he was when given A,B,) then the probability 
aes eiving the whole stimulus correctly would be simply the product of the probabilities 
pe ZoNe its “parts” correctly. Thus the probability of correctly perceiving A,B, 
aan E e would be pa,pb, where pa, is the probability that A, will be perceived as A, 
T ı the probability that B, will be perceived as B,. 
inde ca this hypothesis is buried two assumptions (1) that A and B are sensorily 
ee ae and (2) that the perceptual system combines the discreet information it 
fashion ¢ rom the analysers multiplicatively. A system which would behave in this 
ana is illustrated in Figure 1, which shows two “analysers” œ and B which receive A 
ae ee and whose function is to resolve A, from A, and B, from B,. The 
if it A’, A’, BY, and B's feed into a decision maker ô which initiates output W, 
receives A’,B’,, X if it receives A’;B’o, Y if it receives A’ B’, and Z when given A’‘,B’s. 


FIGURE 1 


Illustrative diagram of a system which would operate on the principle of perceptual 


Independence. 


If pa, is the probability that œ will give output A’, given Aj, pa the probability that 
% will yield A’, given Ag, Pbi the probability that will yield B’, given B, and pb, the 
Probability that B will give output B’, given Bz, then the probability that ô will signal 

given stimulus A,B, will be simply pa,phy- All 16 S-R contingencies are predictable 
and each is shown in Table I. Cell 3, 2 for example predicts that the probability that 
Stimulus A,B, will be named X is the product of the probabilities that q will incorrectly 
Sive output A’ given A, and B will yield B’, given B, Thus § will receive A'B’ when 
m fact A,B, had been presented. Tt is notable that all errors in the system can be traced 


to failures and 8 to discriminate their inputs. 

Each cell of at I may contain experimentally determined probabilities, merely by 
Presenting the four stimuli (preferably in noise) and requiring subjects to name each 
Stimulus W, X, Y or Z. Thus 16 equations can be formed with which to estimate the 
our unkn ror : i robabilities par P42, b, and b,. These estimates were foun 
© agree eames oee P periment fa i E a concluded that the model had provided 

a good fit to the data. A 
The system described above does not, however, accord well with contemporary 
theoretical preferences, which are more in favour of an underlying continuous rather than 
a discrete process (Swets 1964; Green and Swets, 1966). Accordingly, one might postulate 
ata and B function as “signal detectors.” Let us therefore assume A, and A, to be two 
UNidimensional stimuli located on dimension For simplicity assume that A, is normally 


istributed with a mean of zero and unit variance and that A, is also normal with unit 


č Y 
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TABLE I 


STIN ILITIES 
STIMULUS-RESPONSE MATRIX INDICATING THE Conie Pronin AB, 
UNDERLYING REsPoNsEs W, X, Y AND Z To A,B,, A,B}, AaB; 2 


c Ř—— MMII 


Stimulus 
4 
I 2 3 ad 
Response A,B, A,B, A,B, a 
By 5 1—pbs) 
1 (A,B,) | pa,pb, Pa,(1—pb,) (1—pa,)pb, (1— pas) ( 
x B b 
2 (AB) | pa(t—pby) | papbs (1—pa,)(1—pb,) | (1—paa)P 
Y pe 
3 (AeB,) | (1—pa,)pb, (t—pa,)(1—pb,) pa,pb, pag(1— PP»: 
Z B 
4 (A:B,) | (1—pa,)(1—pb,) (1—pa,)pb, pa,(1—pb,) pay 


a O 


tion 
observation on dimension A and Xs an onem of the 
B and that when a compound two dimensional stimulus is received, an panes evens 
form (Xa, Xs) results. Four decision rules are necessary to convert the we . ()1 
into a discrete response. These are: (1) If Xa > Ky and X» > Ky decide ide ÀB: | 
Xa > Ka and Xs < Kp, decide ABa. (3) If Xa < Ka and Xp > Ks, decide mensions 
(4) If Xa < Ka and Xe < Ky, decide A,B, Ka and Ks are cut-off points on pabilities 
AandB respectively (see Fig. 2). 
of each S-R contingenc 
function. The theo: we, 
observation falls will e. It is interesting to note me left with 
pa, = F(d’, — Ka), Ppa, = F(Ka), pb, = F(d’3 — Ks) and pb, = F(Ks), one 1 
the simple forementioned ind 3 


Stimulus 
4 
: k 3 AB: 
Response A,B, AB, a : 
) 
Ne F(- KB 
1 (A,B,) F(d'a—KA)F(d'a— Ky) F(V's—K,)F(—Kp) F(—K,)F(d’s—K») F(—Ka) 
i $ F(5») 
2 (A,B,)| F(d 4— Ka) F(Kp—d’p) F(d's—K,) F(Ks) F(—Ky)F(Kn—d’s) F(—-Ka) 
J 
Y : Kyr» 
3 (ABI) | F(Ka—d'a)F(d'2— Ky) F(Ka~d's)F(—Ky) | F(KAF(d'n— Ke) | F(KA 
Z 


4 (A,B,) F(Ka—d'a)F(Kr— d'a) 


F(K3) 
F(Ka~d’s) F(Kp) F(K)F(Kp—d'’s) | FOKa)F( 
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FIGURE 2 


Dimension B 


Dimension A 


Illustration of the continuous version of the independence model. 


For purposes of fitting the model to the data, maximum likelihood estimates of the 
Parameters d'a, Ka, d's, Kn, may be obtained. It can be shown that: 
-1 


A 4 ae (1) 
Da1 = Bold’, — aay Re = BAA 5% 
Ppa, FA(d’s Ka) d'a A = nj Z Nij TS ; Mi 


-1 


Papi = F-4(Ks) = Ka 


-1 
yD Nij 
Ba AB's vi 
2 Nj+ 2 NG 
BABY B: AB's 


(4) 


a a N s 
Nd byi = Î-(Ks) = És = 


| 
ae (3) 
a a j ij A B, AB^ os 
Bit = Bay's — Be) = ti — Bm 3 me Ni 


340 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


where Ax and Bg are stimulus components, A’x and B’x are response components, Nij, a8 
the number of observations in the i row and j* column of the stimulus-response mami 
F-1 is the inverse of the normal distribution function, and the summation is over a 
events in the matrix containing the event under the summation. Note (1), (2), (3) and (4) 
are four equations in four unknowns, and the solution of these equations gives man $ 
likelihood estimates of d’s, Ka, d's, and Ky, and therefore maximum likelihood etini 
of pay, pas, pb}, and pb. However, these estimates are identical to those obtained with A 
simple independence model, and the predictions of the equivalent values in a matrix such 4 
Tables I or II ave therefore exactly the same for the two models. Thus whichever of the two 
models is preferred for aesthetic or other reasons, the predictions are the same, and a 
to judge from the earlier experiments, good predictions of the confusions amongst syntheti 
stimuli. 

The speech system 

e and 
liable 


The present experiments have therefor 


equivalent to the synthetic stimulus A,B,. Insti A in pure frequent: 
between A, and Ay, the difference betwe i pyead of a difference in p 


Method EXPERIMENT 1 


5 the magnetic tape containe use 

filtered noise in Ee dB. down Points lay at 500 and 6 aoe Hz. Teras necessary t ual. 
his was of ny rder to make the resolution of [s| from )m/ and It] from /d/ about eT ise 
Re A ea, Convenience. The speech a? ewhat 

petween subjects. Since large manaa pe to noise (SN) ratios which varied SOM en 
in noi ences were evident in the ability fore 


instance the experimenter deci oË 
ad to about 60-70 per cent. correct rec 


i —26 dB. with a median value ° — sere 
re pte gers Seven undergraduates of San Diego State cole they 
would hear only SA AOT were instructed after adjustment of SN ratios, tha ult tO 
hear, but that they sh AT, MAD and MAT, that these words would often be diffic 

, Yy should nevertheless record an answer to each item. 


Results 


brackets are the predictions fro; ind 
and the recorded predicti m the models. The scores were treated in 
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TABLE III 
EMPIRICAL AND PREDICTED SCORES FOR SAD, SAT, MAD, MAT 
Ee 


Stimulus 

1 2 3 4 

SAD SAT MAD MAT 

Response A,B, A,B, A,B, A,B, 
SAD 0-61 0-2 0-08 OIE 

T (A,B) (0°62) (0-27) (009) (0-08) 
SAT org 0°53 0-04 0:05 

2 (A,B) (0-18) (0°52) (0°05) (0-06) 
MAD 0-16 0:09 0-68 0:27 

3 (A,B,) (0-16) (0-10) (0-67) (0-28) 
MAT 0°05 o'I4 0:20 0°57 

4 (A,Bs) (0-06) (0-12) (0-19) (0:58) 


ee eee ee 


Maximum likelihood estimates of pay, Paz, pb,, and pb, were obtained from the 
empirical matrix of each subject, and these estimates were used to generate the 
Predicted matrix for each subject by use of the equations in Tables Iand II. Note 


that the model uses four parameters to predict 16 proportions, 12 of which are 


FIGURE 3 


0-80 


060 


Empirical (y) 


0-40 


0:20 


0:80 


0-40 060 


Predicted (x) 


0:20 


Relation between empirical and predicted probabilities for SAT, SAD, MAT and MAD. 
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independent. The method of maximum likelihood requires all the data for estimation 
of parameters. In the 1967 experiment, the parameter estimates used to predict the 
data of a given cell, were obtained from the data of other cells. In practice, the 
difference in procedure makes little difference to the eventual prediction. r 

Figure 3 plots the empirical against the predicted scores and the line, which 
represents the best linear fit also functions on the line indicating perfect correspondence 
between the two variables. The mean error is +0-0006, indicating a negligible and 
quite insignificant over-prediction. The correlation between the two sets of Scores 
is 0991 and the regression equation, which should ideally be Y = X, is Y = 0'001 
+o-g91X. 

EXPERIMENT 2 

Experiment I used four words which were necessarily similar phonetically, but 
which were also (perhaps unnecessarily) rather similar in their probability of occur” 
rence in language. The words were in fact either A or AA on the Thorndike and 
Lorge count (1944), with the exception of MAT, which has a G rating of 18. The 
following experiment therefore uses words which differ more markedly in probability 


of occurrence, since it is well established (e.g. Broadbent, 1967) that the more probable 


ived correctly in noise. It may, of course, a 
little or no effect when the population 1s sm 


Method 

The words MUF, MUD, CUF and CUD imli tings 

> ; were used as stimuli; these have G ra 
Ge BRE) Ci aa md CUDI Rae es 2 

uble channel tape and filtered noi i B. down poh 

ean 6,500 Hz was recorded on channel 2, The pore a contain, was sn 
e te Ca each word occurred with equal frequency within the en to 

—27 dB. with a initial psychophysical Procedures results in SN ratios from as 
The method was otherwise identical under 
udents served as subjects and operate 


TABLE 
EMPIRICAL AND PREDICTED ai 


MATRIX FoR MUF, MUD, CUF anp CUD 


E Stimulus So Sw 
SS 

MUF 2 3 fp 

Response A,B, ree çür i 
2 281 

I ABa ST OII -2 0-06 

1 (0-73) (0-16) o) (0°05) 

MUD ow A 

5 "23 

2 (A,B,) (0-18) real a, (0-23) 

CUF 0-08 Be 

3 (A,B,) (0-12) fect (oven) ox) 

CUD 0-04 
P -54 
4 (A,B,) (0-02) eel Ge, (0-38) 
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FIGURE 4 


0-80 


Empirical (y) 
e 
S 


° 
= 
è 


evn iaten between empirical and predicted probabilities for MUF, MUD, CUF and 


DISCUSSION OF EXPERIMENTS I AND 2 


t the model predicts as well for words as 
It therefore becomes of interest to 
und of a discreet number 


ts have shown tha 


oran, 1967). 
ds as if they were a compo’ 


io The two experimen 

ae synthetic stimuli (cf. Corc 
ofi xamine the logic of using wor 
independent phonetic dimensions. 


In defining SAD as A,B,, SAT as ABa, etc., two assumptions were made: 


di (z) that only two dimensions discriminate the f 
g engia Jaļ-jt/. (2) that these dimensions were orthogonal, i.e. that the discrimina- 
on of /s/ from /m/ occurred independently of the discrimination of the later phoneme. 
tates that only two relevant or usable dimensions were involved 

ss upon certain 


like the overall stim 
f the vowel, did not differ (or were randomly varied) 
interesting implications, since it 


(2) has more 1 
a whole word is built up from independent 


our words: dimension /s/-[m] and 


O 
020 
| a 020 0-40 0-60 080 
Predicted (x) 


assumption (1) really s 
oh that other factors 
are and the quality 0 

Ongst the words. Assumption 


Sates in effect that the perception of 
ecisions about the nature of its component phonemes. We may therefore think 


z word perception as built from functional components not unlike that shown in 
igure 1, with the important difference that æ and 8 must be considered to be pro- 


Coed to discriminate between physica her than single dimensional 
alues) indicative of phonemes. 


ulus amplitude, the stre: 


1 patterns (rat 
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ANALYSES OF DATA BY MILLER AND NICELY (1955) AND CONRAD (1964) 

In the previous experiments there was some evidence to show that phonemes were 
the basic “units” from which the perception of the whole word was built. One may 
legitimately ask therefore, whether the perception of phonemes is built up in much 
the same way or whether the independence, multiplicative model does not apply. 

Phonetically, spoken utterances have been classified in terms of the anatomical 
pattern of movements which the vocal apparatus assumes in the production of speech. 
(Miller and Nicely, 1955; Peterson and Shoup 1966). Miller and Nicely’s description 
was confined to some sixteen consonants for which they defined five dimensions: 
Voicing, Nasality, Affrication, Duration and Place. All dimensions but Place were 
considered to be binary, the latter being subdivided into three categories: front, 
middle and back. (The Peterson and Shoup analysis was more discriminatory 1° 
defining 13 places, but here we shall use Miller and Nicely’s classification, since we 
shall use their experimental data for analysis). Table V is a reproduction of Miller 


TABLE V 


A REPRODUCTION OF MILLER AND NIcELy’s TABLE XIX CLASSIFICATION OF 
NSONANTS IN TERMS OF ANATOMICAL CHARACTERISTICS oF SPEECH PRODUCTION 


Co 


Consonant Voicing Nasality Affrication Duration Bue 


55 N Saanaa oO Petry 
HHHHHHHHHOOCOOO000 


nnnooocoocoocoocoooo0oo0o0000 
HRONHHORDHONHHHONHO 


OOH HHHOODOOHHHHOOO 
COHHOOOOOHHOOOOO 


* Reproduced tor and 
authors" from J. acoust. Soc, Amer., 27, P. 347 by permission of the Editor 


udy 5 
à te 
E anatomical dimensi ple we selec 
for analysis t nsions. From the latter Table 

y ‘WO sets of four Phonemes which correspond (at least logica y) to the 


nd 
other /t/, /d/, /p/ and fb oe 1967 study.* One set was lal, Im], [a] and p sets: 


p [a] as logical i ce it ig Nasal (Aa) ! 
its place of articulation is i; y equivalent A,B,, since it is nce 
P. o iculation is Middle (B,); we shall consider a | to represent ABe al 


on 
B,, whilst /b/ is both non-Nasal and Fr pee? 


* It is, of course Possible ti 
F s g O 
Nicely, but this involves a time 
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ate AE, since it is unvoiced and frontally articulated, /b/ as AyBs since it is 
Å B.si nd frontal, Itl ABı since it is unvoiced and medially articulated and /d/ as 
ral i it is both voiced and medially articulated. A similar classification can be 
eet several other groupings of consonants. We have selected these two sets 
the beh, ley sample the five dimensions fairly well and because it is useful to replicate 
Tiesos aron of the same phonemes Jā] and /b/ within a different set. In equating 
Weare poken stimuli to the electronically produced stimuli of the earlier experiments, 
E tases that the dimensions of Miller and Nicely’s classification are orthogonal 
jn] difi y independent) , thus it will be assumed for example that although /m/ and 

iffer in place of articulation, one will not be more (or less) nasal in quality than 


the other. 
f the model has been conducted and 


ae when spoken in noise: each conson 
ie ps followed by /a/ as in father. The experiments wer n 
whi pa conditions of masking, but we have selected probabilities from the matrix in 
ae the SN ratio was —12 dB. and the filter set at 200 to 6,500 Hz, because this 
rix has a liberal distribution of errors but is clearly non-random. 

loj Te probabilities of confusion between lal, Iml, làl and /b/ and between dpl; 
os [t/ and /d/ were extracted from Miller and Nicely’s 16 X 16 matrix and normalized 
I5 a the matrices shown in Tables VI and VII. In extracting 16 cells from the 
sti cell matrix we have assumed that the probabilities of confusion between the 
N are independent of the other stimuli in the experiment. This assumption 
a y or may not be valid. The probabilities are therefore estimates of those which 

ould have occurred if only /n/, /m/, /4/ or [b] or pl, [b], Itl and Jā] had been used as 


stimuli. 


TABLE VI 
Im], [a/ and [b/ 


DATA FROM MILLER AND Nicery /n/, 


Stimulus 
ee ee Ao 
a re fal Él 
n, ‘m, 
Response | A, ABa AB, ABa 
S a 
/n, "62 0°33 Orl4 0:09 
TE> (062) (0-25) (0-17) (0-07) 
\ je E r a | 
/m/ 035 0:60 oro 0'19 
2 (AB) | (032) (069) (0°09) (019) 
/d/ 0-02 0-02 055 0o17 
ee AEN (0-02) (0-04) (0-49) (0-20) 
ies ee | [eae 
[b, 02 0-06 0-21 0°56 
$ AB») (e-02) (0-04) (0-25) (0°54) 


Tables VI and VII may be equated with Tables I and II if the perception of 
Phonemes is describable rd terms of one of the independence models. Thus pa, 
comes the probability that a nasal utterance will be a Me e nasal; pas 
ecom ili “nasal utterance will be consi ered to be non-nasal 
es the probability that a non-nasa iall be TE 


Pb, becomes the probability that the middle articulatory Pos 
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TABLE VII 
DATA FROM MILLER AND NICELY /p/, /t/, [b/, /a/ 


Stimulus 

4 
I 2 3 4) 
lpl [t/ Jbl l 
Response A,B, A,B, A,B, ABa 
lel 0-42 0°47 0-02 Ea 

1 (A,B,) (0°59) (0-36) (0-02) 
to | e | ee | es, | eth 

2 (AB) (0-37) (0-60) (0-02) 
Ml 003 0-02 0-73 et 
3 (A2B,) (0-02) = (0-02) (0°59) (03 
_——— ee O] = 
/d/ 0'02 0'00 0-22 oT 
4 (A,B,) (0-01) (0-03) (037) (0°60) 


recognized and pb, becomes t 
will be perceived as such, 


‘culation 
he probability that a non-middle (frontal) articulatio 
Table VI and Figure 5. 


ted in 
The results for /n/, /m/, /d/ and /b/ ars ee 
On this occasion, since the scores of individua 


FIGURE 5 


Empirical (y) 


00 
0-40 0-60 080, : 


Predicted (x) jaj an 
Relation between empirical and predict iliti 'n/, /m/, 
(Miller and Nicely data predicted probabilities for /n/, 


a Hl 
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were not available the co: i 
ae va mputations were conducted upon the 
ee scores are satisfactorily predicted. The mea Ene e 
anih, ga small underprediction, the correlation between the readings was 0- S: ’ 
Th, : regression equation read Y = 0:005 + 989X. oe 
VIL, Fi a values for /p/, ll, /t/ and /d/, however, are poorly predicted (Table 
gure 6). But the empirical scores show a feature which suggests that the 


FIGURE 6 


0°60 


Empirical (y) 


0-40 


020 


060 0-80 1-00 


o 020 0-40 

Predicted (x) 

(in tation between empirical and predicted confusions amongst /p/, /t/, /b/ and /d/ 
iller and Nicely data). 


le; Phoneme /t/ is more frequently heard as /p/ than 
I; 2, I; I, 2; 2, 2). The mean error was still small, 


lower 0:868, and the regression equation was a poor 


aa pinal matrix may be unreliab 

S /t/ and vice versa (see cells I, 

ie 0-0073, but the correlation was 
Pproximation of Y = X, i.e. 0026 + o0893X. 

There are several sources from which this “negative” finding may have sprung 
(a) Miller and Nicely’s classification may be untrue, (b) voicing and place may not be 
ga thogonal, e.g. that the voicing associated with the production of a /d| is different 

tom that associated with that of a [b], or (c) that the models are untrue. 

Table VIII however, suggests that the cause of the delinquent behaviour of the 
ae dimension was likely to be some factor in Miller and Nicely’s experiment. 

his table contains estimates of the same underlying probabilities taken from data by 


Conrad (1964). Conrad present i orded the confusion 


ed letter names m noise and rec 
alii between the 26 letters. The stimuli “tee,” “dee,” “pee” and “bee” are 
imilar to Miller and Nicely’s “ta, 


mda “pa” and “ba” and the same analysis is 
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TABLE VIII 
DATA FROM CONRAD /p/, /t/, [b/, /a/ 


Stimulus 
4 
I 2 3 
lol iJ jbl AS, 
Response A,B, AB; Asbi — 
0°30 
Ip] 0°56 0°55 O25 . 
I (A.B) (0-56) (0°51) (0-23) er) 
24 
/t/ 0°32 0-36 0:20 or 
2 (A,B,) (0-33) (0°38) (0:13) S 
Jol 0-09 0-04 0:39 ome) 
3 (AsB,) (0-07) (0-06) esp j 030 a 
a ae ee es 
/d/ o'o. 0-05 o-18 ee 
a bes 5 (0:28) 


O80 


Empirical (y) 
e 
s 


g 


0-20 


Relation between empirical ang 


(Conrad’s data). 


0-40 


0-60 


Predicted (x) 


Predicted confusions 


100 


a /4 
amongst /p/, ttl, He 


ee 
——————————oOw“ sti s$'''.eeeerrr a 
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Possible. The overall iliti i i i 

j i probabilities differ, of course, due to differences in 

noise ratio, between the experiments. T 
see omer of Conrad’s data is shown in Table VIII and Figure 7. Here there is 
ae ly a high correspondence between empirical observation and prediction. 
rs error —0-0013, 7 = 0-912, and the regression equation was of the form Y = 

024 + o-gogX. 
i The analyses of Miller and Nicely’s an 
Ss the anatomical dimensions are goo 
Dames that they are probably independent and that as a res 
ngst phonemes are predictable on the multiplicative model. 


dConrad’s data therefore suggest that on the 
d descriptions of the underlying perceptual 
ult the confusions 


GENERAL DISCUSSION 
in the Introduction the present results 
f speech is mediated by a different type 
her auditory stimuli. Indeed the fit 
ds and phonemes in noise is, on 
“tailored” to be applicable 


ay ote to the general question posed 
ae it favour the view that the perception o 
of > spe from that which operates upon ot 
th e independence models to data derived from wor 

e whole, as good as its fit to data derived from signals 


to the analysis. 
PP nile ha in an important respect, the speech system has been shown to be 
naa from that which deals with elementary stimuli. This difference has to do 
h the type of input to which the “analysers” respond in the two situations. In 
“© word and the phoneme recognition studies we defined the underlying stimulus 
th ensions as phonemes (in the case of words) and the anatomical characteristics of 
ae Speech production apparatus (in the case of phonemes). The results apparently 
owed that these definitions held, thus « and f in Figure I have apparently been 
Programmed to respond to the phonetic characteristics of the utterances. This feature 
os been noted in another context and has led to the “matching” or “active” theories 
th Speech perception (Liberman, 1957; Liberman ¢t al., 1963; Stevens, 1960). _These 
S €ories hold that there is a continuous implicit generation of speech by the listener 
ch attempts to match his input and that a phoneme is identified when a correct 
Match occurs. Such a process could effectively correspond to a set of passive 
analysers programmed to correspond to the operations of the listener as a talker. 
Taken uncritically the results favour a description of the mechanism of word 
Perception in terms of three banks of analysers. One bank may be assumed to 


Consist of analysers which respond to complex acoustic patterns, characteristic of 
this bank then feed 


Voicing, nasality, duration and affrication. The responses from 
d to the patterns of inputs from the first 


© a second bank, programmed to respon 
a The third bank would receive inputs from the 
both simplified 


ank characteristic of phonemes. eceive , 
Second (phoneme) bank and respond with words. This description 1s i 
and speculative, but would seem the most parsimonious explanation of the findings. 

tis, of course, possible that a non-orthogonal model would yield an equally good or 

etter fit to the data, but such models are necessarily dependent upon the degree 
Of correlation between dimensions. This value would require to be determined by 
Xperiment and would (if found to differ from zero) be specific to the parameter in 
question. The present paper has shown that the assumption of zero correlation 
etween dimensions, coupled with the simplest decision mechanism can predict 
Confusibility between words and phonemes within a restricted vocabulary. 
Ca oe research was conducted at the U.S. Nava Electronics Laboratory, San Diego, 
ornia. 
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AN INVESTIGATION INTO SOME OF THE UNDERLYING 
ASSOCIATIVE VERBAL PROCESSES OF THE STROOP 
COLOUR EFFECT 


BY 


DERRICK PRITCHATT 
From the Department of Psychology, University of Leeds 


The Stroop test was examined to throw some light on the verbal basis of the test. 


y ioe Ae are presented printed in the wrong colour it is found that the written word 
round cae interference with response to the colour of print than occurs the other way 
of the ( he Stroop effect). It was shown that, by allowing subjects to match the colour 
can paan with colour patches instead of words, the interference due to the written word 
súbject considerably reduced. In a further experiment, associations were formed by the 
sik X between nonsense syllables and colours in the course of a paired-associate learning 
daoi Vhen nonsense syllables were presented printed in colours different from those 
ean with them, it was found that the interference effects depended upon the 
conan of the stimulus-response association in the paired-associate experiment. It is 
ë aded that the underlying processes in the Stroop efiect are primarily verbal and 
Pend partly upon the directionality of previously established verbal associations. 


INTRODUCTION 


er When colour names are printed in the wrong colour they provide a striking inter- 
a ence effect. If, for example, the word RED is written in green print then the subject 
an be requested to report the written word and respond with RED or to report the 
i our of the print and respond with GREEN. Under these conditions it is found 
” at subjects read the word fairly easily but experience considerable difficulty in 
€porting the colour of the print. Responses are given verbally and can be com- 
Bar ed with the speed and accuracy of reading the names of colours in normal black 
Print and also naming patches of colour since these two analogous conditions lack 


interference from simultaneously presented stimuli. 
Stroop (1935) and subsequently examined by 


p This technique was developed by 
arious workers, e.g. Thurstone (1944) who used the test in a general perceptual study 
~—unfortunately, he did not include the results in the factor analysis of the perceptual 
test battery. The colour names are usually presented in serial order and this has 
een done in the present study, but the effect is not strictly serial since it can be 
obtained by tachistoscopic exposure of individual items (Dalrymple-Alford and 
udayr, 1966). 
Most workers have conce 


Subjects’ responses by investigating change as a f 
igon, 1932; Rand, Wapner, Werner and McFarland, 1963) or, more recently, the 


test has been used in conjunction with the study of drug effects (e.g. Callaway, 1959; 
Nash, 1962) though usually the intention has been to use the test to throw light on the 
action of the drug rather than the reverse. Much of this work has been summarized 


in a most useful recent review by Jensen and Rohwer (1966). j 
Not a great deal of work has been done which throws light on the underlying pro- 


cesses involved in the test (a notable exception being that of Klein, 1964, which will be 
Scussed later) and the present study was undertaken in the hope of pursuing this 


Matter further. Three experiments are reported: 


ither on the developmental aspects of the 


ntrated e | 
unction of chronological age (e.g. 
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j ti e 
(x) A repeat of the original Stroop test but with the conditions adapted to poe 
used throughout the present study in order to obtain some comparison 0: 
magnitude of the effects. 


z ; he 
(2) A modification to investigate the importance of the verbal component of th 
effect. 


(3) An attempt to manipulate the effect by means of learned interference. 


EXPERIMENT I 
Subjects es of 
Subjects were 14 male and ọ female university undergraduates between the PE 
18 and 35. Each subject was used in every experimental condition. Before the eJ 


à í 4 a A red- 
ment, each subject was given the Ishihara Colour Test but only one subject with e 5 


i ion 
green defect had to be replaced. One other subject was replaced later—see discuss 
below. 


Materials 


P A ds. 
twald colours on 4 in. x 6 in. cards- jth 
yellow, blue, orange, purple. All words were printed vr h 

i 


their places could be quickly interchanged. It was arranged that each stimulus appo the 
once on a card in each of the positions 1 to 6, £ 
positions 1 to 6. 


Procedure 


The six conditions used are summ; 


arized below: 
Condition code 


e yequired 


Stimulus Respons 
P Colour patches. Colour names: 
ep Colour names, black print, Read a 
a Colour names, printed wrong colour. Read w rint. 
ees Colour names, printed wrong colour. Colonne 2 
ae Colour names, printed right colour. Read wor rint. 
Colour names, printed right colour. Colour of P 


one immediately after the other) and to further minimize P' 


E aga 
; e : n 
F trial was used in the final analysis; the results obtained bera was 

rom the first trial except for the fact that the overall vat 


td and close their eyes. The room WF the b 
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Results 
Be i i 
Tr a = ie instruction to correct errors, relatively very few were made and will 
er discussed. The results for the main dependent variable time, are 


shown in Figure 1. 
FIGURE 1 


Stroop 


40. 
0 condition 


Response 
=naming colour 


Response 
=reading word 


Mean response time, in sec. 


r Experimental conditions 

he mean reaction ti <peri 
and RC (for wns pees aa. eae pis pelmeni groups, P, B, WW, WC, RW 
Pie between sexes for each condition yields non-significance (p > 0°05 in 
‘iis Peete using Mann-Whitney U two-tailed test), the data from different sexes 
patches ee pooled in subsequent comparisons. In the case of naming colour 
this am roop (1935) had found females to be faster but in the present experiment 
signific ency (male mean = 19°4 sec., female mean = 18-5 sec.) did not reach 
A ance even for a one-tailed test. 
n a s test for homogeneity of variance was carried out on the data and there 
be ee to be a significant lack of homogeneity (p <oror). A Friedman analysis 
odie was, therefore, used to examine differences between means of experimental 
e ions, and there was found to be an overall significant difference (p< 0-001). 
Se rences between adjacent conditions was tested by means of the Wilcoxon test 
the following results were obtained: B RW WW RC P WC where, 


adjacent conditions underlined do not differ significantly (p > 6-05), the gaps being 
gnificant at p < oʻox (two-tailed test). 
s It can be seen that the data fall into three groups: reading words, naming colours 
nd the Stroop condition. When words are printed in the wrong colour, the subject 
ds it easier to respond lour of print than he does to 


5 to the word and ignore the co 
spond to the colour of print and ig e strength of this Stroop 


a l nore the word. Th 
ect is very marked: one subject with a speech 


defect, previously unsuspected by 
a e experimenter, began to stutter so badly in condition WC that he was unable to 
ontinue and was replaced. 


la It is interesting to note 
p Condition not tested by Stroop) 

rint condition—presumably because 

EXPERIMENT 2 

xtent of the verbalizing component an 
he subject to match the colour of t 
guarantee that he does not ve 
as distinct from the new mo 


that the fact that the word is printed in the correct colour 
did not facilitate reading compared with the black 
of the familiarity of black print. 


attempt was made to 
he print with colour 
rbalize at all but the 
tor components of 


mi In order to study the e 
inimize it by allowing t 
Facies. Of course, there is no 

gree of success in verbal suppression 
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the task can be assessed to some extent by re-introducing the verbal component in the 
response by making the subject match against written words. 


Subjects 


Ten male and 10 female students, between the ages of 18 and 30 (age and sex ae 
equated between groups) were to have served as subjects; however, at the last minu 
two subjects (one male and one female) withdrew from one group. 


Materials 


The stimuli were the same as for Experiment 1 except that words printed in the correct 
colour were now omitted. Instead of verbal report, the subject responded on @ set E 
keys laid out in front of him. On top of each key was a display card which could ae 
changed. The cards bore either colour patches or the names of colours, so that the subjec A 
could respond by selecting either the colour patch or the name of the colour printed ii 
black, depending upon the conditions given below. 


Procedure 


Two experimental groups were run, these gro ither on patch keys n 
word keys. The order of the display cards aa e i am one subject 
but varied between subjects so that each colour patch or name appeared at least onog 
on each key. There were four tasks to be completed for each group and these tasks wer 
counterbalanced as far as possible—particular care was taken with representation in. 
first and last conditions. The eight conditions used are summarized below: 


Condition 
code Stimulus Response required Response a 
P-W Colour patches. Colour. woro 
B-W Colour name, black print. Read word yeg 
ey ee name, printed wrong colour, Read word. we 
m olour name, printed w: i tch. 
Bre Gompa Pe won else; Capu ont. Beet 
ai olour name, black print R Pali, 
£ a k ord. 
vy x = Colour name, printed wrong colour, ot wori, Batt 
Colour name, printed wrong colour. Colour of print. Pea t 
All procedures such as trial int z ay 


Ñ S, inter-trial times, etc in Experiment | zey- 
The times takon by egret fo make their response by pressing the approptiA t? stop- 
watch. y Subject to complete the tasks were noted by means © 


Results 


The results are shown in Figure 2. 


FIGURE 2 
Words on keys 


mop m 


Mean response time, in sec. 


Conditions 


The mean reaction time for e w 
v i ele ach of the experimental groups P-W, B 
W, P-P, B-P, WW-P and WP-P (for explanation of Sbai, see text). 
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B: , . 
artlett’s test applied to the data showed no significant departure from homo- 
ysis of variance for repeated measure- 


enei ; 
Pad of variance (p > 005). Aone way anal 
s was carried out with the results shown in Table I. 


UNDERLYING VERBAL PR 


TABLE I 
Source S | å 
ums of squares d.f. | Variance F p 
Words on keys 

Between 

4 eople .. sy | | 
Within seams mT | 7 | 
Conditions 2137°3 24 | 
Residual .. ae 1559 3 | 5200 18-9 0-001 
Tot s. aso 74 2I 275 

al T aia 33130 31 
Colour patches on keys 

Betwee 

‘tween people .. 2009°2 | 
Bas) people sa SEH F | 
Reas oe au 60473 3 | 201-4 16°5 0-001 
pe s alo e aa | | 
— [i 


s overall difference between experimental conditions can be seen both for 

ae i patches on keys and for words on keys (in each case, $ < o-oor). The Newman 

TrA test was used to examine all gaps between conditions with the following 

Col s (where adjacent conditions underlined do not differ significantly, $ > 0°05). 
our patches on keys = P-P B- ww-P WP-P 

(significance of gap, p < 005) 


Words on keyen B W EN _ ee WP-W 
(significance of gap, p < 0-01) 
nse in the Stroop condition 


e introduction of patches as a respo. 
rence effect relative to the adjacent conditi: 


h the introduction of words. 


It can be seen that th 
on and that 


ne much reduces the interfe 
e interference re-appears Wit 


EXPERIMENT 3 


Experiment 2 shows that the order of operations (eg. responding with a word or 
toa word) might be fairly critical in the interference effect. To examine this further, 
an attempt was made to accustom the subjects to carrying out different orders of the 
Same operation and testing the consequent interference in a Stroop simulated task. 


e used. Each group 


Subjects 
e of each group was 


co Two experimental groups, each consisting of eight subjects, wer 
eed the same number of males and females, and the mean ag 
Ty nearly the same. 


Procedure 
Subjects in both groups were first required to learn a list of 3-letter nonsense syllables 
Hilgard, 1951). 


Matched fi iati R The nonsense syllables 
or Low association value (taken from yllat 
Were presented one at a time (fo: ith 3 sec. intervals) on the table and the subject 


r 2 sec. WI c 
attempted to recall them in any order. Following this, the nonsense syllables were again 


r 
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This was 
i i d the subject again attempted to recall. kor of 
aera i jae ee pls ee all correctly recalled. 2 ed Ge ups 
ETA enteen was taken into account in the matching of the eta E A 
though, in fact, the variation between subjects was very small. : aes ao e 
themselves with the nonsense syllables, both groups of subjects = A times were 
colour with each of these nonsense syllables. Times of display ay =F error, Nonsense 
as previously and subjects were run to a criterion of three trials wit! ou ie fe experiment 
syllables and colour names were presented as in an ordinary paired asson a er the two 
and were learned by the anticipation method. The critical difference lanle asthe first 
experimental groups was that one group always received a nonsense ay the other group 
member of the pair and responded with the name of a colour i with a nonsense 
always received a colour as the first member of the pair and respon enh thus: non- 
syllable. It was thus hoped to establish some directionality of asso 
sense syllable ———-+ colour and colour —> nonsense syllable. _ h a list of nonsense 
In the final stage of the experiment, subjects were presented wit p- ed as a pair- 
syllables printed in a different colour from the one which they had SA learned, ani 
They were asked to respond to the nonsense syllable with the colour they ‘All responses 
to the colour of the print with the nonsense syllable they had learned. Tra patches 
were given verbally as in Experiment 1. They were also presented with co 


Au are sum- 
and black nonsense syllables as stimuli for comparison. The conditions used 
marized below: 


Condition code Stimulus Response required 
BNS-C Nonsense syllables, black print. Colour. 
P-NS 


Colour patċh. 


WN Nonsense syllable. 
S-C Nonsense syllable, wrong colour, 


«ated with 
Nonsense syllable associate 


colour. © ith nonsense 
WNS-NS Nonsense syllable, wrong colour. Colour associated wi 
syllable dition, 
on 
As previously, the dependent variable was time taken to complete each © 
measured by means of a stopwatch. 
Results 
The results are shown in Figure 3. 
FIGURE 3 
Train: 
stim.=colour, 
resp.=nonsense syllable Train: 


A stim.=nonsense syllable, 


resp.=colour 


x 
BEES 


Mean response time, in sec. 
S 


Conditions C 
The mean reacti 


on time for each of th 
and WNS-NS (for 


S 
: c, P-NS, WN 
: e experimental groups BNS-C, 
explanation o 


f symbols, see text). 
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Bay A wee 
setae s test again showed no significant departure from homogeneity of 
> 005). A one way analysis of variance for repeated measurements gave 


the results shown in Table II. 


TABLE II 
Source Sums of squares | d.f. Variance | F p 
Train: stimulus = colour, response = nonsense syllable 
Between 
‘tween people .. 285° 

thin people rn ee 
Reader e i 3016-8 3 1005°6 48 0°05 
Total ot me 43737 2I 208:3 

a a 15675'5 31 


Train: stimulus = nonsense syllable, response = colour 


Betwee | 
“ween people .. 2144: 
Within people .. ae P| 
nets +s yal 1306-2 3 435°4 
Sane sv . 1518-1 21 723 6:0 0-01 
bp 4968-7 3I 


"i 
ing h case there was an overall significant difference between conditions: for 
syllable: ours, response nonsense syllables (0:05 > $ > o-or) and for train nonsense 
vesti es, response colours (p <o-or). The Newman-Keuls test was used to in- 
Hedin Bes these differences lay and the following gaps were found to be 


For train colour, with response nonsense syllable: 
BNS-C and WNS-C (p< 0°05) 
BNS-C and WNS-NS ($< 0-01) 
P-NS and WNS-NS ($< 0:05) 


For train nonsense syllable, with response colour: 

BNS-C and WNS-NS (p < 0°05) 

BNS-C and WNS-C (f < 001) 

P-NS and WNS-C (p < 005) 
ously but it can be seen that the 
he Stroop interference. A subject 
s now required to respond 
rce of greatest 
a subject who 


di The picture is more complicated than previ 
Se Ni of the learned associa 
+ © has learned to respond to 
A the colour of print, finds th 

erference (i.e. WNS-C is the most diffic 
Z Sa learned to respon i 
e able finds the colour of p 
ends to replace WNS-C as the most diffi 


Discussion 


be seen that whe 


terference due to 
he print is named ther 


n words printed in the wrong colour 
the incongruous colour of the print. 


From Experiment 1, it can 
e is considerable interference 


are read there is little or no in 
owever, when the colour of t 


5 GY 
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e. 
i i s that the effect is a purely verbal Ones 

ates oe | 3 an e A there is a conflict with ae 
én ake “he rocessing of the verbal label of the print colour. . Cer ee 
eae = been the basis of those developmental studies which ae ub HE 
for a a. of effect with increasing verbal sophistication due ale = ihat of 
evidence is very indirect. The only direct test carried out Boe t the extent to 
Klein (1964) who used various words printed in colour and foun fo lour of tHe 
which the written word interferes varies directly with the meee yr English 
written word and more generally to its familiarity when words : A ae the ee 
usage are compared (this work has been confirmed in every de a e aware that 
writer who ran all of Klein’s experiments Some years ago before rs Experiment 2 
they had been carried out). The other direct test is provided eee d in the 
which shows that when the verbal aspect of the colour print is mi het word? 
patch key condition, the Stroop effect is much less but the effect return: tehing colour 
are put on the keys. It is interesting to note that even in the case of ma te from the 
print to colour patches on the keys (WP-P) there is some interferen tally when 
written word but, of course, it is possible that the subject verbalizes mentally 
carrying out the task. 


i uch more 
A “complete” explanation of the Stroop effect undoubtedly awaits m some 


object ——> verbal label 

verbal label —__, object 

verbal label — verbal label 
Of these, verbal label 
label (B is faster than 


common objects compa: 1 is require 
published data from this laboratory). Since object ———> verbal labe ntributo™, 
in the Stroop condition WC but not in WW it seems likely that it is a co 
factor to the Stroop effect, 


Object —__, verbal label is 


A also more difficult than verbal label (1967) navi 
(Experiment 2). Itis interesting to note that Gazzaniga and Sperry ee 
shown that a subject with a sectio 


ETS, he sP 
: ned corpus callosum which isolates © assembly, 
hemisphere of the brain can readily identify, say, a spoon by touch from 
of objects they ca: i i 


1 spo ; 
nnot view directly when supplied with the verbal labe abel 


E z þal labe, 
to the right hemisphere even though he is unable to then produce the Tei 0 A 

Presumably the ease with which verbal label — , object can be ¢ 3 
the result of the heavy em: 


the subject necessarily being 


categories (Heidbreder and Overstreet, 1948). That the direction of ait by 
association is, indeed, important in interference effects is shown 
Experiment 3. 


itio? 
condi 
There is the possibility that lack of appreciable interference in the WW 
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(Experiment x) occurs because the coloured print can be ignored totally and is never 
Processed as sensory information. This hypothesis predicts that in the WC (Stroop) 
condition both stimuli reach short term store, whereas in condition WW only one 
stimulus is ever actually received. Preliminary trials have been run in this laboratory 
mn which subjects view six names of months printed in different colours presented 
tachistoscopically. The months and colours were matched for length and informa- 
tional content as both came from a limited response pool known to the subject—this 
is important if a more indirect method of investigation is to be avoided (e.g. that of 
Grand and Segal, 1966). Subjects viewed the stimuli and were requested to read, as 
Tay as possible, either the words or the colour of the print, the viewing time 
done adjusted so that the subject could barely complete the task. After they had 

one this, they were asked to recall the stimuli (i.e. words or colour of print) to 
which they had mot been asked to attend. The data collected so far show that in 
either condition, subjects do allow both stimuli to reach short term storage since some 
Correct information can be given about both stimuli. This approach is being pursued 
to see if there is a difference in the amount of “irrelevant” information that can be 
reported in each of these conditions and also to investigate what happens when the 
list is long enough to exceed the short term memory for earlier items since the time 
that an interfering stimulus is in short term store can be very important (Posner and 


Konick, 1966). 
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TYPING PERFORMANCE AS A FUNCTION OF TEXT 


BY 
L. H. SHAFFER and J. HARDWICK 
From the Department of Psychology, University of Exeter 


a o 
iscussed in 
came between first- and zero-order random letter texts. The results venie ae tatistical, 
context of several hypotheses about transcription Processes, some assum ither preserving 
left-to-right encoding of letters and others assuming linguistic encoding, e 


ses 
: 3 EAE EA DAR ter respon! 
the linguistic units in response units or translating the linguistic units into let 

under the control of a sequencing process, 


he 


varie 
. champion typist was tested on a 5-6 an 
texts, Presumed to differ in difficulty, vers a0 


t can be transcribed in about 1 sec, tion 
Hershman and Hillix ( 


er ability to read ahead and to exp freque” 3 
(perhaps accidental) in the text, Even with texts having only the letter d ahead 
of English she can more than dou 


a 
ble her speed by being allowed to ra random 


Quastler and Wulff (T965) obtained transmission rates of r7 bits per sec. Wi 


letter texts and unrestricted view, 
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rsd ped Me Genest (1956) is interesting for its recording technique. A motor 
ford of = er of the typewriter at a slow fixed speed and so provided a cumulative 
aden imes between each key press. He was thus able to observe that pauses 
ae o ee at points of linguistic difficulty, and that with degraded texts there 
a one of both typing speed and regularity. His analysis of errors (Genest, 1957) 
en Ways convincing, but it showed fairly clearly that errors occurred more often 
Scant egraded texts than with prose and were more likely to implicate the less fre- 
“a y used letters of the alphabet. A high proportion of errors arose from pressing 

ey adjacent to the correct one. 
Pl dane about the construction of texts. Shannon (1948) showed that one can 
aes c S approximations to prose by imposing statistical constraint over 
5 A = longer sequences in letter or word strings. This method has been used 
Soler y serial performance (eg-, Sumby and Pollack, 1954) but is not adopted 
— here for the following reasons: (a) The method, being statistical, is 
fer es le to sample size and guarantees a representation of a given level of structure 
ae iscriminability between different levels) only in indefinitely long strings. This 
on on sample size becomes more acute with higher order approximations. 
a seems natural to analyse language into such units as syllables, words and 
iene and it is likely that an increase in statistical constraint on letter strings 
Pa Increases the probability of reconstructing these units as artefacts. In this 
ihe it is preferable to introduce the required units directly than to rely upon their 
T nce occurrence. This should not prejudice any theoretical issue as long as the 

ernative method of producing text does not give abnormal distributions of letter 


Sequences of length k = 2,3 . . . (k-grams). 


EXPERIMENT I 


Transcription was examined on so passages of text, each about 250 letters long, 
Tanging between prose and random letter strings. The experiment provides a test of 
Wo conjectures: (1) that typing speed increases with the frequency that syllable-, 
Word-, or phrase-like segments appear in the text and is progressive with the size of 
inguistic unit; and (2) that speed is limited by the task of reading letters in the interior 
of long words (a word is defined as a string of letters uninterrupted by a space 


Character) and that this factor interacts with text structure. 


Method 
_ Subjects. These were all qualified touch typists employed in the University, A 
hat anyone making more than 2} per cent. errors in transcrip- 


criterion was set in advance t 
tion would be rejected from the group w. 
fact rejected on this basis. Their errors were, 
Available, In the final selection there were 20 girls, 10 in each of two groups. 
Most machines were Olivetti 82’s 
Each text was printed 
The time 


hose times were analysed and many girls were in 
however, analysed and their times are still 
They were 


tested separately. 
Apparatus. Each girl used her own ty 
(mechanical) and the others mainly IBM Executive's (electrical). e 
completely in lower case letters in Io-point type, with 14 spacing between lines. 
taken to transcribe a passage was recorded to o'I sec. with a Venner timer. 
Text. The ro passages were as follows: p 
Prose, Pp and Pp: an easy and a difficult passage of prose, Pe taken from an article on 
Sardening and Pp from a text on linguistics. Ease or difficulty is only vaguely defined, 
as a first approximation, in terms of content and word familiarity. The passages were 
edited to have little punctuation and no names or digits. i i 
Word, Wy and Wp: random rearrangements of the words in Pg and Pp respectively. 
Syllabic, Sp and Sr: obtained from Pp by shuffling the spaces between words into 
4 The new words thus created were taken in reverse 


Syllable boundaries within words. 


pewriter. 
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order to give Sp, having words about six letters long, and Sp, having word lengths distri 
buted as in Pp. (Suffixes F and R stand for fixed and random length.) sin Pir 
First order, Lyv and Ln: random letter strings having the distribution of letter: ae 
The words in L,r were six letters long, while word lengths in L,n were distributed a 
Pp. r 
Zero order, Lor and Lor: random letter strings in which all letters were equiprobable. 
Word lengths matched those in Ly and Lyr respectively. -ag different 
Design. The first 10 typists were given the 10 Passages in random order, using d1 ards 
orders for each typist according to a latin square. Several girls commented arton a 
that having typed nonsense passages initially they approached all subsequent yen in 
nonsense. To check on such an effect the next 10 typists were given the passag 
invariant order going progressively from prose to zero order text. ickly as 
Instruction. The typists were asked to transcribe the passages exactly, as quic h Zi 
they could without error, If errors were made they were not to correct them and RO 
avoid stopping in midpassage. It was redundantly stressed that they were not to! 
duce upper case letters or punctuation or to alter 
Each sheet of text was placed ina reading positi 
to look at it and start typing as soon as the 
started the timer. On typing the terminal fu 


They were given practice with five brief p 
conditions. 


line layout. told 


Results 


f i p bol 
Time scores. The times per passage were converted to mean time per sym"? 


i ime 
counting all letters, spaces and punctuation marks as symbols. Carriage raum 
was estimated at about ł sec. for mechanical machines and about } sec. for elec 
ones. Thus mean time per s 


r rn 

; i ymbol was estimated by subtracting carriage =~ 
time from the total time and dividing the remainder by the number of symbo > at 
The average response times on each passage, for the 10 subjects in each 8" 


: begs : rder 
are shown in Table I. Subjects in group A received the passages in random iiy 


TABLE I 


GES. 
YMBOL IN MSEC. 1N EACH OF THE 10 PASSA 
EXPERIMENT 1 


MEAN RESPONSE TIMES PER S 


Zero 


as Word Syllabic, Fi lg order, Lo 
w S order, Ly 
Group A E ET 
sed i I5I 152 Fixed 195 239 332 
cult 157 155 | Random 197 252 __| eal 
Group B ord ; 166 163 Fixed 222 265 359 
ifficult 171 167 Random 217 208 


| var was significant, F 72) = 1r: < coor; the p hey 
variable was significant, F (9, 72) = 232, p Q ey ie Ve the order in pee antl 
were typed, F (9, 72) = T49. In group B the subjects variable was sig 


f 
; ro 
F (9, 81) = 51, $ < ooox: the passages variable (now confounded with "i 
typing) was significant, F (9, 81) = 98, PL o-vor. 


TYPING PERFORMANCE AS A FUNCTION OF TEXT 363 


ae post hoc tests within the passages variable, using the Scheffé method of 
ae A SA 959), showed that there were significant differences at the 

= 0 evel of significance, for both groups, between the follow ing set: $ 
P and W together and S; S and L; L, a a 


aa times were slightly longer in group B 
ident of sampling. Because sampling was non-random the difference could not in 


a tp 

dibeoee be tested statistically. For the same reason we could not test whether the 
ie tent methods of presentation between the two groups had any effect. However 
ol eee a that the difference between speeds with prose and random 
Í ould be smaller in group A than in group B /: i 
ea group group B and Table I shows that there is 
i de scores. Any textual discrepancy between original and transcript was 
oe ed as an error and, for the purpose of scoring, the unit of error was a symbol— 

er, space or punctuation mark. 


than in group A, but this is an 


TABLE II 
DISTRIBUTION OF ERRORS FoR Eacu KIND OF Text. EXPERIMENT I 
Prose, Word, Syllabic, First Zero 
P Ww Ss order, L, | order, Lo Total 
Groups A | Omission 19 II 24 15 34 103 
and B Response 19 31 27 32 108 217 
Reading 3 2 8 14 20 47 
Context 19 19 34 56 46 174 
Random 3 2 4 13 22 44 
Total 63 65 97 130 230 585 
Rejected Omission 2I 23 36 46 82 208 
subjects | Response 25 38 53 43 113 272 
Reading 2 o 15 20 41 78 
Context 27 17 30 5I 40 165 
Random 5 6 II 15 41 78 
Total 80 84 145 175 317 801 


s A and B made altogether 585 errors, which represents an error 
Their distribution over the main kinds of passage is shown as the 


Subjects in group: 
They show a monotonic increase in degraded texts, the 


Tate of 1-2 per cent. 
Column totals in Table II. 
8teatest increase being in Lo- 

Any attempt to classify errors by their causes is hazardous because most errors 
are cryptic and their possible causes ambiguous, sometimes in several ways. However 
a classification was developed, based initially on 13 classes, many of them similar to 
those used by MacNeilage (x964), that were subsequently collapsed onto five, which 

n case of ambiguity 


We label Omission, Response, Reading, Context and Random. I c 
as given to Response, then to Reading and then 


an arbitrary priority of assignment w 
to Contest’ dasces, oe an piion to this priority any transposed pair of adjacent 
letters was classed as a Context error. ; 
Response errors were those made by hitting a key adj acent to the correct one, 
which could be any key, or the space bar, in the hexagonal field of the correct key. 
eading errors were those letters that are confusable, visually or acoustically (cf. 
Conrad, 1964), with the correct one. Context errors were transpositions of adjacent 
letters and displacements of letters appearing within a range of three letters left or 
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; rd 
right of the error position, also a few cases in which the error made a nonsense Wo: 

like a dictionary word. ; ee 

Table II shows the class by text breakdown of errors. There is a ae 

contingent relationship between class of error and text, x? (d.f. = 16) ee 
É < ooox, a major part of which is due to a relatively large number of Contex 

in L, and a decline of these in Ly. Sox 

ces of the errors made by the reject subjects? They made ce geal 
errors and these are classified in the bottom half of Table II. The pattern is 


d of 
ably similar to that in the upper half, thus giving some support to the metho 
classification. 


EXPERIMENT 2 


s 
A surprising result of the first experiment was that random words were gp 
quickly as prose. Both Hershman and Hillix (1965) and Genest (1956) a 
prose was typed the faster, although neither gave statistical support for . 
seemed worth repeating this part of the study using different texts. 


Method 


Subjects. Ten girls were tested who 
Text. Five passages of prose were 


xtbook passages were conceptually difficult and con. 

many long, relatively unfamiliar words. Five 

Prose passages, 
Design. The 1 


e . r using 
) © subjects were given each of the 10 passages in a different orde: 
a latin square. All further details were the Same as in Experiment 1. 


passage were conver 
shown in Table III, 


TABLE III 
MEAN RESPONSE TIMES P 


ER SYMBOL IN MSEC. EXPERIMENT 2 


Easy Difficult 


t, 
J M . sion ifica® 

An analysis of variance on these data shows that the text variable is sign" how 
F (9, 72) = 12:2, p < voor. 


st § 
: The use of the Scheffé post hoc contrasts a , c 
that the difference between E and D texts is significant at the level $ = 
this seems to be the only contrast of practical interest that is significant. 
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Since there is no diffi iti 
t lifference between P and W passages it is adequate, for transcrip- 
ion, to define text difficulty in terms of word difficulty alone. i 


EXPERIMENT 3 


a ond first experiment showed that the step in degrading text that most affected 
Perdue oe was between first- and zero-order letter texts (L, and L,). This might 
orcs y a decline in syllable-like artefacts, because of fewer vowels, or to the relative 
1956) = appearance of the less frequently used letters of the alphabet (Genest, 
bettas mei was made to separate these factors by maintaining equal fre- 
ay of all letters of the alphabet but manipulating letter order in different 
eae a further test was made for an effect of reading lett 
len a attempt in Experiment 1 was weak in that it compare 

gth words. It is preferable to test short against long words. 


Method 
Subjects, Four girls w 


ers within long words. 
d short against random 


Tex; ere tested who had served in the first experiment. 

10 times Four passages of text were constructed each using every letter of the alphabet 

five iets One passage selected the 260 letters at random and displayed these in words 

Possibl ers long. Another passage selected these letters five at a time such that as far as 

furthe e they could be made into readable syllables, e.g. - .spowd.., - .throx... Two 

single v texts were obtained by grouping three words in each of these passages into a 
D word, so that all words had 15 letters, except for a terminal word of 20 letters. 

. Design. The four subjects typed each of the four passages in different sequence using 
atin square. 


Results 
The left half of Table IV shows mean response times per symbol in each condition. 


Clearly, both word structure and word length are effective variables and their effects 
re additive. There is no need to test these results statistically because they appear 


almost invariant in each subject. 


TABLE IV 


MEAN RESPONSE TIMES PER SymBot IN MSEC. EXPERIMENT 3 


(From Experiment 1) 


——— First Zero 

Syllable Random order, Lı | order, L 
5-letter 246 326 Fixed 236 344 
15-letter 292 373 Random 242 343 


The right half of Tabl for the same subjects with com- 
Parable passages, L, and Lo, For the random letter texts the 
i 6-letter words in Lo. This could 


5-letter words were typed slightly faster 
i uit ing in the two texts but may also reflect word length. 
wer than first order 


text, 
Discussion 


The simplest hypothesis about transcription, since typing is performed letter by 
letter, is that text is encoded also in this way- If one supposes that typing speed is a 
function of the likelihood of the letters typed and that this likelihood is conditional 
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upon the sequence of letters that preceded a given letter, then this leads to the notion 
of a left-to-right finite state computer (Chomsky, 1963). 

Such a computer has distinct states for all letter sequences of any given length (k) 
and in each state a probability distribution over the set of states that can come next. 
The transition from one state to another leads to the transcription of a symbol of text. 
For example, if k = 3 and the computer is in state ..num.. then with probability 
p(num; b) it will have to transmit the letter . -b.. and go to state ..umb.., while 
with probability (num; e) it will have to transmit . -e.. and go to state ..ume.-» 
and soon. Note that k is the effective memory span of the computer. For a set a 
27 symbols—26 letters of the alphabet and a space—the uncertainty per symbol, i 
they are equally likely to occur, is 4-75 bits. If it is known that the symbols occur aS 
English text then Shannon (1951) has estimated that the uncertainty is 4-03 bits pet 
symbol if k = o (zero-memory), 3-32 if k = 1, 3:1 if k = 2, and as k increases to covet 
more and more of the previous text the uncertainty declines to between 06 and 1'3 
bits per symbol. 


If Shannon’s estimates are even approximately correct then it is seen that the 


n 
Tf the average length of words in all texts was aro 


; h ider 
lts impose incompatib i tson k. Cons! 
a k-gram scan of the word . paei patible requiremen 


2i pam DA " 
-ma = Fis potent eerie; 
mac -mac --mac ---mac 
ach mach -mach --mach 
m achi machi -machi 
$A re achin machin 
mne chine achine 
SA Me- hine- chine- 
As k increases the k-gram anal the eat ly 


steps while, on the ot tinuatl? 


her hand, overall there are fi o A 
‘ ew steps in which the co’ uld 
determined. _ Thus there seems ete no value of # that W0 4 


Be os tution substi softhe interm... turns 
into cd ace k and modifying the starting conditions cranchin8 
: ice that encodes the spelling of words as 4 to 
aee e a ta to right. Starting with 2 apale ibA the devine going 
TSt letters of words From this it t: f branche 
À akes one of a set of br ells 
to second letters of words, andsoon. Each left to right path through the ae A ch 
tes in a space symbol (which guarantees a divergen eb: 
word is embedded in that of anot e soon! 
would reject nonsense words because = 
nuation on the right, and beyond thi 
Hence the device would show poor 


tion between such texts, for instance, as L, and Ly, contrary to the results. 
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it Paps na oe estimates of residual uncertainty in texts as redundant as prose 
o GS hat the speeds attained by typists are still greater than one would expect 
Š aboratory results on choice reaction time. 
typie p we have withheld comment on the fact that typists read ahead of their 
likely fs gone in finite state transcription the information that makes a letter more 
Siati ‘ ni 3 easier to recognize and transmit, is contained on the left. A finite 
highly ‘yor eee would fail, after all, to account for the fact that typing speed is 
1965), ependent upon being able to read ahead in the text (Hershman and Hillix, 
es ie instead that, in reading, text 
One “i words and short phrases such as . 
ister as then to specify how these are subsequent 
then responses, as well as to show that such a process can 
scription. 
dn hypotheses seem superficially plausi 
a = perceived as a unit pattern, is associated with a response unit which is an 
a rs ggio of finger movements; the other is that each such linguistic unit has in its field 
associations the string of letters that spells it, from which there is letter by letter 


transfer into response output. 
H The first hypothesis can be found in the work on morse transmission by Bryan and 
arter (1899) and it surfaces again in the writings of Craik (1948). It assumes that 


f rs j 5 j 5 
Or each response unit there is a fixed computing programme that, on instruction, 
ements. In extension there can bea 


p ihates a particular sequence of response el 

a rarchy in which a programme at one level co-ordinates a sequence of programmes 

th a lower level (Miller, Galanter and Pribram, 1960). Even without such extension 
us hypothesis implies a large amount of learning in the training period, in which each 
nguistic form becomes associated with a finger pattern in keyboard language. 


The hypothesis gains face validity from the observation that a touch typist 
nt finger movements but a flow of 


Usually performs not a sequence of independe 

urements that modulate into one another. However it makes one prediction, 

which has not yet been tested but seems a priori unlikely. Note first that in the 
iated only with their respec- 


re of the hypothesis, response programmes are assocl 
ive stimulus units (although they may be co-ordinated by higher programmes), 


hence there is no provision for transfer between them of instructions about common 
elements, except perhaps when one stimulus unit is embedded within another. Now 
Suppose that two letters on the typewriter keyboard, say e and j, were interchanged, 
hen the typist confronted wi i ld, on the hypothesis, have to dis- 

one or other letter appeared. A 


Mantle and reconstruct each programme in which e 
test of this could be made most dramatic by retraining her with a restricted vocabulary 
th this and another vocabulary. 


and then comparing speeds wi 
The other of the two hypotheses, discussed by Lashley (1961) and developed by 
We present a special version of 


MacNeilage (1964), would predict perfect transfer. S 
the hypothesis, in which letter strings are translated into response sequences in two 
ordinal labelling on the letters and the second 

t beyond 


Processing steps, the first imposing an 
mapping the letters into responses. The second step needs no commen 
Stressing that it confers no privileges for words and syllables at the response level, 
Other than those made available by the first step. 
The labelled letter strings yielded by the first step mi 
Upon which the mapping rules can operate. We have in 
O some grammars postulated by modern linguists to account for se 


is analysed into such linguistic units as 
a book.., ..and so.., ..the boy... 
ly decomposed into a sequence of 
be faster than finite state 


ple: one is that each familiar linguistic 


may be called the canonic form 
fact a very simple analogy 
ntence production, 
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in which syntactic markers provide a phrase structure for a morpheme string and 
phonological rules map this string into an utterance (Chomsky, 1957)- Unlike here, 
however, the linguist is not concerned with the chronometric features of expression. 

In transcription, reading and key pressing are asynchronous processes that rs 
tied only to the same average rate. At any moment in time there is a queue 
input elements awaiting translation, as indicated by the eye-finger span. The visual 
scan in reading is not a linear process but a sequence of saccadic jumps, each fixation 
covering a number of text elements that enter the queue together. Because these 
elements arrive simultaneously their original order may become lost, resulting 1n poor 
queue discipline, unless some ordinal labelling system is imposed to preserve it. re 
similar labelling notion was put forward by Yntema and Trask (1963) to account = 
some results in dichotic listening. Failures of queue discipline may be transmitted 2 
transposition errors and even larger displacements of letters, e.g. .-at-- instead 0 
..ta.., or ..utalt.. instead of ..ualt... 


A particular variant of transposition error is that in which the wrong letter in i 
(usually) adjacent pair gets repeated, e.g. ..aat.. instead of ..att... It sugges 
that double letters are stored as a single letter together with a repeat Jabel whic? 


like an ordinal label, may get displaced. Furth i jeld still other forms 
of labelling device. j E pa yeon oe 


, The labelling on letter strings also allows the mapping rules to operate in © 
iteration, with consequent reduction of timing uncertainty, so that interresP 


times in typing can be less than discrete simple reaction time measured under optim 
conditions (cf. Shaffer, 1968). 


Random letter strings require extensive i s . „o words an 
E aE mprovised labelling while W ir 
syllables that can be read as linguistic units already have labelled letter strings (the 


spellings) as associations and only the connecti uire improvising, 
TEs takes longer to rovi dbus ions between them req’ ing spee 


clic 
onse 


ds 


an to retrieve existing ones then typ” jon 
(and eye-finger span), which is limit nes ic representat! 
of text, will reflect this. ited by thereat farming a:canonie tep ; 
Context errors are ed labelling 


probably more likely to i f improvis 
aia ; y to occur with use of improv1s ne it 
nd so should be more frequent in degraded texts (see Table II). Theit ie ing 


N tbe 
Ma a Aueh typist is asked where a certain letter is on the keyboard she may a ne 
ape pe ; Š a verbally, unless she goes through the finger dance of tyP ard 

Cludes it. It seems that finger movements are guided ia key may 


space by reference to a mov: iptio? 
ement se i scrip r5 
lead to a loss of reference, quonce, and soianyialowing ottaa eioi eT 


c Thus there is an i i d Omission j 
a degraded texts. Such errors could ao TEE, of eaer, Oif the typist tries tojon 
aster than she can accurately direct the trajectory of finger movement (many ntact 
errors occurred because the key press was inade S bring the tyP® oot t pist 
with the paper), but in this case they should derreise in de sAd texts, a5 y! 
goes slower, instead of increase (see Table II). a 


the 
s 
In short, our best answer so far to the question asked at the outset, what doe 
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typi i 
fon learn, is that she learns not the statistical structure of text (in any direct sense) 
e use of a sequencing process that controls the orderly translation of linguisti- 


cally encoded text into type. 
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SHORTER ARTICLES AND NOTES 


COGNITIVE CATEGORIES AND MEMORY SPAN: 
I. SHIFTING BETWEEN CATEGORIES 


BY 


A. F. SANDERS and J. J. F. SCHROOTS 
From the Institute for Perception RVO-TNO, Soesterberg, The Netherlands 


Broadbent and Gregory's hypothesis that shifting selection between cognitive classes 
is at least inefficient is tested by varying the number of transitions from consonants tO 
digits and back in a mixed list memory span situation. No orderly decrease is found as è 
function of the number of transitions, which renders the attention hypothesis unlikely. 
An alternative position in terms of interference theory could explain the data qualitatively- 


Tests of further predictions of this theory need first an estimate of the degree of difference 
between cognitive classes. z 


INTRODUCTION R 
Broadbent and Gregory (1964) reported some oe lla lis 
ri years ago that it is harder to recat 
made up of alternate items of consonants and digits tice it is to recall the same items 


arranged as two successive sublists, Suggesting that going back and forth from one to 
f items. 


analysis on identi 


g them with some dictionary store of known wa that 


Se set to another cognitive category is supposed p 


` a 
e attention theory predict: se of recall a° 

function of the number of shifts from one to sates a beoatoed and Gregory 

ssive and alternate condition. It is the aim of the pres? 


Method and procedure 


: . . . $ 
ioe ae i at each were constructed and recorded on sound tape i tne 
oon oe Sper sec. The items used were the digits zero to nine © jst. 


Th : X. No digit o repeated in 2 p), 
ere were Io lists for each of the following condi tiene, š ‘eight letters (1), eight i p 
vi iti , 3 Transiti LL-DD-LL-P p- 
ice versa), 5 Transitions (L-D-LL-DD-L-D and cs vetea and : Transitions en rf 
five with D. The liste ersa). Five lists of each of the four latter types started viron no 


In case of failures, subjects $ the 
es as forgotten items of the sequence. Scoring WaS 
ct positions. 


Results 


F e 
iw po aii of correctly recalled items for each condition is presented in Lines g; 
alysis of variance showed a significant difference between conditions (F = al sis 
p < 0-01) and between subjects (E = 13:59, p <o-or). A Newman-Keuls ana ne 
indicated two significantly different clusters, one consisting f8 L, 5 Trand7 shat 
other of 8 D, r Tr and 3 Tr. : ae E T 
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TABLE I 
MEAN NUMBERS OF CORRECTLY RECALLED ITEMS (OUT OF 80) 
EE 


Number of transitions 


8 letters | 8 digits I | 3 5 | ve 


60°4 | 68-6 69:0 | 69:8 61-0 | 62'4 
| 


a A comparison between recall of letters and digits in the 8 L, 8 D, 1 Tr and 3 Tr con- 
itions showed that letters are better recalled at 1 Tr and 3 Tr than at 8 L, while digits 
a equally well recalled. In the same way, digits are less well recalled at 5 Tr and 7 Tr 
piso at 8 D, while letters are not affected compared with 8 L. (£ = 2:673 P < 9°05, and 
= 2:795; p < 0-05 respectively.) 
TABLE II 
MEAN NUMBERS oF CORRECTLY RECALLED LETTERS AND Dicits IN MIXED Lists 


Number of transitions 


| 

| : 

| T es es 
| 

| 


LLLL-DDDD DDDD-LLLL| LL-DD | DD-LL | ED | D-L | D ||) DE 


Letters a7 | 3 | g8 | tre |u 16:5 | 160 | 15-3 
e 16:8 | 17°I | 18-0 164 150 | 144 | 15-4 | 157 
p a S S 
Discussion 


_ The results agree with those of Broadbent and Gregory (1964) that recall of successive 
lists is superior to that of alternate lists. A simple attention switching theory is not 


Supported however. 


First, there is no monotonic decline as a function of the number of shifts. Secondly, 


recall of consonants is even better in moderately mixed lists (1 Tr, 3 Tr) than in comparable 
Parts of pure lists of consonants, while the general decline of recall at 5 Tr and 7 Tr is 
Solely due to less recall of digits. Both findings are difficult to explain, unless an ad hoc 
bias against digits is postulated. An alternative position could start from recent evidence 
on the importance of inter-item associations in ordered recall (Wickelgren 19654, b). 
This assumes that the incoming signals activate not only corresponding units in the dic- 
tionary but also pre-existing associative bonds between successive units. When units 
have more specific and stronger traces and mutual associative connections, activation is 
likely to be more intensive during presentation of the list, such that intralist interference 
1S better resisted. This refers clearly to the concept of differentiation in the interference 
theory of forgetting (e.g. Postman, 1963) and may be a major reason for the pronounced 

ifferences in memory span for various types of material (Mackworth, 1963; Sanders, 1968). 

0, digits appear to be more differentiated than the present set of consonants. 

_ The principle of similarity may explain the recall in mixed lists. In the case of succes- 
Sive groups of items (1 Tr, 3 Tr), intralist interference is likely to be reduced, due to the 
Presence of different types of activated units and associative bonds. The fact that digits 
are not better recalled in these conditions, may be an artefact of list length. When recall 
1S almost perfect in a pure list of digits not much gain can be expected at 1 Tr, and 3 Tr. 

owever, when successive items belong to different categories, associative connections 

are likely to be weaker, since it can be assumed that bonds between items within classes 
hes c least as strong as connections between items from different 
hen alternation prevails—as at 5 Tr and 7 Tr—weaker 

The decline at 5 Tr and 7 Tr is rather small, 


indicating that consonants and digits 
have still quite strong connections, Or that they do not constitute very different categories. 
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It is predicted that effects of mixed lists will be more pronounced when more different 
categories are involved. Reduction of interference should be larger in the case of I Th 
while the effect of weak interclass connections would be more pronounced in cases O: 
alternation. These predictions are not provided by an attention switching theory, 
Experimental tests require quantitative estimates about differentiation and degree © 
difference of the categories involved. Differentiation might be derived from memory 
span. Difference is yet less feasible because there is no well defined criterion for deciding 
what constitutes a class of items. This general problem must be handled before predic- 
tions about shifting between categories can be considered. 
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COGNITIVE CATEGORIES AND MEMORY SPAN: 


Il. THE EFFECT OF TEMPORAL VS. CATEGORICAL 
RECALL 


BY 


A. F. SANDERS and J. J. F. SCHROOTS 
From the Institute for Perception RVO-TNO, Soesterberg, The Netherlands. 


SUMMARY 


di Subjects were presented with mixed lists of elements chosen from at least two formally 
istinct cognitive categories and were instructed to recall either temporally (i.e. in the 
Actual order of arrival), or categorically (i.e. first all elements of one category followed 

y those of the other). Temporal recall is found to be superior when the categories are 
even and uneven digits; categorical recall is better when consonants and tones or conso- 
nants and spatial positions are mixed. Approximately equal performance is found 
with consonants and digits. It is suggested that efficiency of recall strategy depends 
on the relative strength of pre-existing ‘associative bonds between elements from different 
Cognitive categories. When these connections are weaker the probability increases that 
siess membership rather than succession in time determines the assimilation of the list. 

t is found that with consonants and digits it does not matter whether instruction is given 

efore or after presentation. This suggests that both recall modes can be activated at 
the same time. The implication of this result for work on dichotic listening is discussed. 


INTRODUCTION 


The distinction between various cognitive classes of signals, first studied by Külpe 
(1904), has appeared to be an important issue in human information processing and learning. 
he work of Von Restorff (1933) is classic in this respect and there is also much recent 
Work especially in the field of attention and short term memory (Mackworth, 1963; 

arrison, 1967; Yntema and Schulman, 1967). 

_ Nevertheless it is still difficult to describe in more than a very loose sense what con- 
Stitutes a cognitive category and what are its distinctive features from the point of view 
of information processing. Letters and digits, for instance, have been traditionally 
Considered as distinct classes, but one may think of more elaborate subdivisions, like 
vowels and consonants or odd and even digits, but there is no test to estimate the behav- 
loural importance of such classifications or to measure the relative distances between 


Categories. 
Several approaches are possible to this problem. the evic i 
Conditioned response to a word is easier to generalize to other words with similar meaning 
han to words of related sound, suggesting an effect of categorization (Luria and 
Vinogradova, 1959). Another possibility is the investigation of clustering of responses 
of the same category in free recall of lists of items, made up of randomly arranged elements 


Of different categories (Bousfield, 1953; Tulving, 1962). ak s 
tionist terms, assuming 


The theoretical background of both approaches is in associatior i x 
existing traces and associative connections in a 


that incoming material activates pre- | asse ect 
ictionary store of known symbols. A further assumption is that associative bonds 
Within categories are generally stronger than between classes, especially when the categories 
differ widely. This is also the idea behind the approach, outlined in the following ex- 
Periments, which makes use of a memory span context with lists containing items of two 
Cognitive classes. It is characteristic of memory span studies that both order and event 
Information are important so that, apart from memorizing items, short term retention of 
associations between successively presented items is essential (see Fig. 1A). When more 


Temote cognitive categories are mixed in one list the chance would increase however 
that not succession in time but membership of the same class determines which association 
1s activated (see Fig. 1B). It follows then that when recall in temporal order is required, 
Performance will be superior if there is less difference between categories, whereas recall 


One is based on the evidence that a 


: : GY 
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FIGURE 1 


AAAA 


ke 


C, 


. ly 
we <imate 
in class associations approxima" 


ther 
consonants in the monaural case. ons 
» and consonants and visual spatial Pociative 
Both tones and positions belong to non-verbal categories and may have weak i istine 
connections with consonants. Finally, odd and even digits are used as formally 
cognitive classes, under the assumptio 


oint O 
n that they are hardly different from the P 
view of handling information. 


EXPERIMENT I 
Method and Procedure 


A-B-AA-BB-A-B) 

except the odd vs. 
lists for each group 
lists were presented, with 12 lists 


specified which type of recall was required. 
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In all conditions where auditory presentation was used, subjects were tested as a group 
and wrote the recalled items on a response sheet. The reproduction interval amounted 
to 20 sec. Final details of instructions concerned emphasis on immediate recall after 
Presentation of a list and information about presentation rate (2 items/sec). Subjects 
were also told that scoring would be on the basis of correct item in correct position. In 
case of partial forgetting they were advised to leave open those spaces where the lost 
items were located, or to guess. Other details of method and procedure apply only to 
Specific conditions. 


(1) Letters-digits. All digits from one to nine were used. The following subset 
of consonants was used: B, C, F, H, K, M, Q, R, T, X. They were selected to minimize 
auditory confusion (cf. Conrad and Hull, 1964) and were on permanent display during 
the experimental sessions. Two groups of ro freshmen from the University of Utrecht 
were tested. 

(2) Letters-tones. The same set of consonants was used. The tones consisted of a 
clearly audible high and low pitched tone, differing one octave (262 Hz and 524 Hz). 
Only two tones were employed to avoid absolute judgement problems (e.g. Pollack, 1953). 
Subjects indicated the high pitch tone with an upward arrow (‘) and the low pitch tone 
With a downward arrow ({,). Two groups of 12 freshmen served as subjects. 


(3) Odd and even digits. 0, 2, 4, 6, 8 were used as even digits, and 1, 3, 5, 7, and 9 as 
Odd digits. Special emphasis was given in the instruction about the use of the digit o 
as an even number. Nine academic laboratory employees served as subjects and no 
knowledge of Tr was given. 


(4) Letters-spatial positions. Letters and spatial positions were visually displayed 
ìn a set up, which consisted of 30 lights on a panel, as schematically presented in Fig. 2. 


FIGURE 2 


O (1) 
®O®O@OOO (2) 


©O©BOBDM®OODOD ! OOO0000 & 
©O©OOOO !] OO0000 & 


Schematic drawing of the visual display. 


The whole programme of lists and reproduction intervals was prepared on punched tape 
and fed into an optical reader. The interval and event codes were then translated in an 
electronic timing device, activating the appropriate signals and intervals (Van Doorne and 
Sanders, 1968). Subjects were seated in front of the display, covering a visual angle 
Of 60°, Four sec. before presentation of a list, the top row light (1) flashed for I sec. 
After an interval of 1 sec. followed the instruction “temporal” or “categorical” by means 
of a 1 sec. flash of the lights T or C (row 2). In the case of information about the number 
of transitions in the list, the lights indicating 3, 5 or 7 flashed simultaneously with the 
Instruction light. After another T sec. interval the sequence of items was given by flashing 
ights from the rows 3 and 4. The consonants B, F, G, H, K, M, Q, R, S, V, X, Z were 
Mounted on the lights in the left part of the display, while in the right part only simple 
light flashes were given (see Fig. 2). Subjects were instructed to memorize the conso- 
nants and the spatial position of the simple light flashes. Each flash lasted 500 msec, 
and was followed immediately by the next one. Symbols were only visible during a 

ash, Subjects reca'led the consonants by speaking aloud and the spatial positions 
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; i ; k ibility the 
sing the appropriate response keys. To obtain optimal S-R compatibi a 
oe Tai ee nigh on top of response keys, so that recall of spatial ee meat 
sisted of touching the lights in order of presentation (F; itts and Biederman, 1965) 3 digital 
was registered by the experimenter and the key reactions were recorded on 
printer which indicated which light had been touched, . , STM for 
This set up is very similar to the one that was used in some experiments ae Gk Gano 
spatial positions (Sanders, 1968). It was found there that a presentation ra T Po for 
signals per sec. presented no difficulties in keeping track of the signals, at i= arch 
a list of eight items. Before the experimental session subjects were given a tria. ar ae 
they had to reproduce each item upon arrival and this proved quite possible wi 
limits of the length of a list. ; 
ar subjects “had six training trials, which were repeatedly presented and recalled, 
until subjects showed that they had adapted to the situation. In all other ms 
two training trials were given for each variable. Seven freshmen served in the kno’ 


aye no 
of Tr group, while eight laboratory employees were used in the condition where 
knowledge of Tr was given. 


Results 


(1) Mean performance per list was 
of the experiment: combination of cat 
and categorical (C) recall, and knowled, 


; jables 
calculated as a function of the main vanen 
egories, number of transitions (Tr), ero 
ge of Tr. The data are presented in Table 1. 


TABLE I 
MEAN NUMBERS oF CORRECTLY RECALLED ITEMS PER LIST 
Knowledge of Tr No knowledge of Tr TEE 
i — = siti 
3 Transitions | 5 Transitions |7 Transitions |3 Transitions 5 Transitions | 7 T1% me 
Combination of categories Zet elalelzlileliTriE -Z -a 
Digits: even-uneven ow of — — — — — so | 528 | — = m for 
ttere-digits se o o 7:26 | 707 | 5'80 | 5:76 | 6-40 69 | & 6-06 | 550 | 4°88 691 
Letters-tones PA vie . -e| 679 | 7-45 | 5:82 | G20 596 8:67 pies 7°54 | 5°55 | 6°52 | 5 He 5:3? 
Letters-positions |! àa ++] 546 | 681 | 394 | 5-54 393 | 5:09 | 4-05 | 560 | 301 | sor | 3 
T = Temporal, C = Categorical. 


json 
An analysis of variance, followed b a i t hoc compat! 
of individual eas ed by a Newman-Keuls analysis for pos 


um- 
was carried i esults are § 
marized in Table II. tod out for each experimental group. Ther 


TABLE II 
SURVEY oF SIGNIFICANT F-VaLues 


Knowledge of Tr 


No knowledge of Tr 


Digits: 
Factors Letters- | Letters- | Letters Letters- Letters- Letters- | yen uncon 
digits tones positions digits tones positions 

Numb .S „001 
Temporsjene an 1 $741 <0'007 | 23-52 <o-00r 39°59 <0-00F | 18-17<o-oor | 36:05 <o-oor | 7°85 <0'01 20°74 500" 
Subjects 1S Borical (B) IN.S 18:22 <o-001 | 72:79 < 0-001 5°76<0-05 | 12:03<0-01 53°49< 07008 | {7.09 aS 
AXB EE Rea Atg <ooor| 18-92 <o-001| | 9-72 <o-or lagiseenares 6,08 <0 
AxC Ns g N.S 4:00<0'05 [N.S oos |N: 

BxC NS Re NS NS Soor | 244< NS 


S N.S 2 


dd 

It appears that recall at 3 Tris t tHe oval 

vs. even digits condition. F paaka 
and categorical recall in the letter: 
odd and even digits, and wo 


(2) A clear idea of the differences between the experimental groups 
by taking the logarithms of the ratio of temporal and categorical recall are sho 
A Tobe ue then, means equal performance with both instructions. The data 
in Table III, 
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TABLE III 
MEAN (LOGy RECALL CATEGORICAL—LOG,) TEMPORAL) FOR THE VARIOUS CONDITIONS 


Digits Letters- Letters- Letters— 
odd-even digits tones positions 
Knowledge of Tr .. aC ig sä — —o:05 +007 +022 
No knowledge of Tr or —0-03 +o-12 +0-27 


e7"ee-_— ŮŮĂ ŘŮĚŮĚ_ 
wae ae o means equal categorical and temporal performance. All data are from lists 
with 7 Tr. 


An analysis of variance on these data revealed highly significant differences between 
Conditions (F = 27:93, p<o-or). Post hoc comparisons of individual means did not 
Show evidence for a significant effect of knowledge of the number of transitions. The 
differences between the various combinations of cognitive categories were all significant. 


(3) Separate analyses were carried out to decide whether differences between temporal 
and categorical recall might be specifically due to one of the cognitive categories. No 
Systematic evidence was found however. 


Discussion 

The results confirm the idea that temporal order in memory span situations is not 
always a dominant factor in the efficiency of recall. In fact, the efficiency of temporal 
versus categorical recall in mixed lists depends strongly on which categories are used. 
The relative efficiency does agree well with intuitive ideas about differences between 
cognitive categories. Temporal recall is best at the odd and even digits and, moreover, 
this is the only condition in which no difference in recall appeared between 3 Tr and 7 Tr. 
It can be inferred from previous work that differences between 3 Tr and 7 Tr occur when 
the items come from cognitive classes which are functionally different (Broadbent and 
Gregory, 1964; Sanders and Schroots, 1968). The conclusion may be therefore that the 
distinction between odd and even digits is not relevant from the point of view of handling 
Information but has only a formal basis. 

_ The experimental groups with knowledge of Tr were introduced to control for a possible 
bias in favour of categorical recall. Subjects then know at which places to reproduce 
items of a given category in the case of categorical recall and this knowledge may positively 
affect recall. This bias is compensated for with the “knowledge of Tr” groups. The 
Tesults show indeed a non-significant although systematic tendency towards relatively 

etter temporal recall with the latter groups, although the effect is slight and does not 
Seem to affect the main argument. 

It is interesting to note that, as with dichotic lists, temporal and categorical recall 
are performed about equally well in the monaural lists of digits and consonants used in 
these experiments. This raises the question whether either temporal or categorical 
associations are activated—on the basis of instruction for instance—or whether both 
Can be aroused at the same time. The selective strategy at the input stage is decisive, 
8iven the first hypothesis and it would lead to an explanation in terms of a response 
Set, as was proposed by Broadbent and Gregory (1964) to explain the data on dichotic 
listening, In the second case, it would be possible to follow either the temporal or the 
Categorical line when instruction is given after presentation of a list. This would rather 
lead to the search theory of Yntema and Trask (1963), provided that the search is guided 
by the associative connections and the instruction after presentation. Categorical 
recall, therefore, is not necessarily a matter of input selection, but may be bound to re- 
trieval, in which case the tricky problem of semantic selection criteria of the selective 
Input mechanism is avoided. This question is investigated in the following experiment, 


using monaural mixed lists of consonants and digits. 


EXPERIMENT 2 
Method and Procedure 
Sixty lists of eight items each were constructed and recorded on sound tape at a 
Presentation rate of two items per sec. The same consonants and digits, the same com- 
Positions (3 Tr, 5 Tr, 7 Tr) were used as in the first experiment, and the lists were temporally 


378 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


or categorically recalled. In half of the trials the instruction as to recall mode was given 
before presentation of the list and in the other half instruction was given after presentation 
of the list. The order of presentation was randomized. Since instruction after presen- 
tation is likely to interfere with retention of the list, another binary choice task was intro- 
duced. Subjects had two response sheets, marked L and R respectively, and were 10- 
structed on which sheet to reproduce a list. When recall mode instruction was given 
afterwards, the instruction concerning L and R was given before presentation. In 
the same way L or R was instructed after presentation if recall mode was mentione 
before a list was given. P 
Nine laboratory employees, who had not taken part in an earlier study of this project, 
served as subjects. The usual instructions and two training trials were given and these 
were repeated and discussed until all subjects felt sure that they were familiar with the 


task. Further details of instructions, procedure and scoring were the same as in the 
previous experiment. 


Results 


The results are summarized in Table IV. They were subjected to an analysis of 
variance. There was no significant evidence for a difference between temporal an 
categorical recall nor for instruction of recall mode before or after presentation. Number 
of transitions was highly significant, as in the pre p 


vious experiments (F = 26:09, P<0'01”" 
TABLE IV 


MEAN NUMBER oF CORRECTLY RECALLED ITEMS PER LIST 


| 

| Temporal Categorical 

| Number of Number oh 

| transitions transitions 

| | Ea] 7 Tr 

| 3 Tr 5Tr | 7 Tr | 3 Tr | 5 Tr 

: Ls | 
Instruction Before i is 
ss presentation | 4'26 | 3-08 | 3-56 | 4-60 3°58 | ae 
recall mode Aft i reo ie 
er presentation | 5°08 | 3-72 | 3-64 | 4-44 | 3°80 3 


| I 


Discussion 


. after 
erfering effect of instruction about recall orde! * ne 


dichotic experimental setting. ont 


ni 
categories. They de mae recall can be at least one approach to the problem (o vR cate- 


eo 

z : - auditory presentati i call and r2 the 
presentation, which are likel t ion, written and spoken re er 

material and the associate, © exert an effect on the activation and retrie in the 


f eas iti = 
about information processing in PR shee eos categories but: aleo for% 


Finally the results of the Ti rm memory tasks. consis 
with those of other earlier mettionsd scare would need to be found to Pe tego 


itive ca 
: roaches, bef f cognitive 
can change from an operational to a dereie etne ge or 


ri 
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DISTRACTION AND TIME ESTIMATION 


BY 


GUY VON STURMER, TONG WONG and MAX COLTHEART 
From the Department of Psychology, Monash University 


It is argued that events which occur during an interval of time which is being judged 
may be classified in terms of their effects on the alertness of the subject, and in terms 
of the degree to which they distract him from the task of detecting and processing time- 
relevant cues. A distracting task, defined by the number of arithmetical operations 4 
subject was required to perform, was presented while reproductions of an interval were 
being made. The data support the prediction that the higher the level of distraction, 
the less time a subject will judge to have elapsed during an objective period. 


INTRODUCTION 
In a discussion of the contradictory literature on filled versus unfilled time Fraisse 
(1963) suggests that the more “attention” 
interval, the more time will be judged t 
two main aspects. It involves the notion 


n 


This paper is concerned with the distracting effect of events which occur during S) 


interval which is being judged. It is clear from worl i lyne (19% 
l 1 ged, k summarized by Berlyn 
that stimulus properties which increase alertness may also i E distract nts 
zni properties. In time estimation D n is 
ese effects i i i ing situ i 
regarded as one where most or al he foe ee i 


1 of th ject’ i i jed w! 
something other than judging duration, © subject's capacity to respond is occup 


The present theoretical view of th A 
: e o | e filled vers i lem: may, 4 
simply described as oe ing two factors—alertness and responce peer Increase 
: „zesu ervals being judged longer. Inc in distraction resu re 
intervals being judged shorter. Implicit in this ees the assumiptigis that (a) the e 
(suprathreshold changes in the perceptual system) are 
ved to elapse, and (b) the more time there is available to 


Expr E 
Procedure RIMEND x 


Saige l ents 
Training. . The subject was told that he was to be trained to make accurate judger to 


di t 

of 10 sec. H eated at a tachistos i by a timen 
cope and the fiel itched by jon ° 

expose an X on a white ground for I0 tor The subject poe by that the duratie 
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the exposure of the X was the standard interval. He was then instructed to press the 
manual control switch when the experimenter said “now” (ro sec. after offset of the 
standard) and to keep it depressed for 10 sec. without counting. While the switch was 
depressed by the subject the card with X on a white ground was again exposed, this time 
for the duration of his judgement. After the judgement had been recorded with an 
electronic timer the subject was told what his estimate was and the procedure was re- 
Peated with a 15-sec. intertrial interval. Training ended when the subject had made 
30 judgements with knowledge of results, or, in the case of very accurate subjects, earlier 
than this if the subject was able to make five consecutive judgements without know- 
ledge of results and within 10 per cent. of the standard. The purpose of the training 
Procedure was to acquaint the subject with the apparatus and to gain a greater degree 
of uniformity of initial estimates in the test situation. 

Practice. “Five practice trials were then given. These differed from the test trials 
which followed only in that the subject was allowed to ask questions about procedure 
and the data were not used in the statistical analysis. No knowledge of results was given. 

On practice and test trials the standard was presented as before—an X at the centre 
of a white ground exposed for 10 sec. Similarly, the judgement was started Io sec. 
after offset of the standard. The intertrial interval, however, was 35 sec. 

During judgements in practice and test sessions depression of the manual control 
Switch by the subject exposed a card bearing a number of digits. The subject was 
structed to add these while making his judgement. 

The digits were printed on white cards which were slipped into the tachistoscope 
between offset of the standard and onset of the judgement. The numbers of digits on 

© cards corresponded to each of five levels of distraction. Each card bore o, 4, 8, 16 or 
32 digits taken from a random number table. The subject had to add aloud, giving the 
Cumulative sum each time he read a digit. When the subject released the control switch 
at the end of a time judgement the stimulus card vanished. Each level of distraction 
Was presented once during practice. 

Subjects were told that the stimulus card must not be retained in view after the 
estimated ro sec. had elapsed. If some digits remained to be added the card was to be 
Teleased at ro sec. and the total of the remaining digits could be guessed. 

Testing. After the practice run the subject was given instructions designed to vary 
he effectiveness of the distracting conditions. One group was told that, although time 
€stimation and addition were required to be done simultaneously, the accuracy of the 
time judgements was the most important feature of the experiment. A second group 
Was told that both tasks were of equal importance, and the third group was told that 

e accuracy of the arithmetical task was of prime importance. 

., Each subject made five judgements at each of the five levels of distraction in the test 
Situation. On each occasion, at each level, a different random order of digits was presented 
on the stimulus card for each subject. No subject saw the same stimulus card twice except 

Or the standard card and the card for the zero level which simply bore an X as a focal 
Point, The order in which the trials were given was randomized for each subject. 


Subjects 

Thirty-six university students were used as subjects. Approximately equal numbers 
of men and women were assigned to each group randomly. None of the subjects knew 
the purpose of the experiment. 


Results 

From Table I it can be seen that the reproductions of ro sec. increased in duration 
as the number of digits to be added was increased. í 

Each subject gave five scores at each level of distraction. When averaged for each 
Subject the data were markedly skewed and the variances were heterogeneous. According- 
Y Non-parametric tests were used to examine the effects of distraction levels. 
t non-parametric test of trend for correlated groups (Ferguson, 1965, ch. 4) was used 
O test the hypothesis that duration of reproduction would be a positive monotonic 
function of level of distraction. This hypothesis was confirmed for each of the three 
Instructional groups (z-values of + 6-1, + 7I and + 6-4 being obtained). 

An analogous non-parametric test of trend for independent groups (Ferguson, 1965, 
ch. 7) was used to test the hypothesis that the arithmetic-emphasis group would yield 
the 8reatest durations of reproductions, and the time-emphasis group the least, with the 
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TABLE I 


UNDER 
MEANS AND STANDARD DEVIATIONS (IN SEC.) AT EACH LEVEL or DISTRACTION 
THREE INSTRUCTIONAL CONDITIONS 


e e eee 


No. of digits to be added 
| 2 
Instructions o 4 8 | 16 | 3 

ʻo 

A: time emphasis Mean 10-7 10-0 II-4 | 150 E 

S.D. 2'2 2'4 2-6 3°6 208 

B: neutral Mean 10-4 II-2 12:7 16-4 74 

S.D. r3 2-4 = | by | 255 

C: arithmetic emphasis Mean IIs5 11-6 12-8 18:7 3-6 
SD. | 417 25 r9 | 40 


Twelve different subjects were used in each instruction condition. 


x "i i data 
neutral group intermediate. This analysis was performed separately upon the 


idence 
obtained with each level of distraction. None of these five anaylses yielded any evident 


x : A A . ec 1'0 in 
of a relationship between instructional condition and duration of reproduction (z< 
all cases). 


Discussion of Experiment 1 


end analysis supported the prediction tha 


The tr 
to add while reproducing 10 sec., the longer his judgement would be. Although th 
were in the predicted directions, the inst 


emphasize the time and the arithmetic 


required 
e means 
ntially 
ae ignificaD 
task, did not produce a statistically SI6™) jy 


was Ml 
aed insig- 


ning of reproductions which occurred with ine cep 
in the number of digits to be added came about because of a tendency for subje¢ 4 ee 
ie stimulus card in view after 10 subjective sec. had elapsed in order to do fi re 
oe bas Be) may have occurred in spite of the fact that sahig peeh 
uess the total o: thi j: : en e 
completed, A secon e digits remaining to be added after time judgem 


Procedure 
Tn this study the experimenter si ; ing timer aP qing 
A a simultaneously switchi d on a recording z add 4 
tachistoscope displaying the addition task The po ian Weld Te beers repro, 
(reading ae totals aloud) the moment the display was switched on- A judgemen 
Sec. was to begin tt he tim eT jew 
the subject tapped a ‘Moves gin at the same time. At the end of the - 
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onset of the judgement was timed with a stopwatch at approximately 2 sec. The number 
of digits displayed on each trial was either 4, 8, 12, or 16. 


Results 
From Table II it can be seen that the effect of the distracting task was similar to that 
obtained in the first experiment. 


TABLE II 
MEAN JUDGEMENTS (IN Sec.) AT EACH LEVEL oF DISTRACTION IN EXPERIMENT 2 


SS eee ee ee ee 
No. of digits to be added 


4 8 12 16 
Mean reproductions ies N fe ..| 100 113 12:8 14°4 
Standard deviations avy ae a ei 21 24 3°5 4'2 


Hartley’s test for heterogeneity (Winer, 1962) indicated that the assumption of 
omogeneity of variance was satisfied here. A trend analysis (Edwards, 1967, ch. 15) 
showed that the duration of judgements increased linearly with level of distraction 
(Re; 54°20, p<o-oor) and that the residual (non-linear) trend was not significant 
<I-0). 


Discussion 


These two experiments support the distraction hypothesis which is outlined in the 

ntroduction. The second experiment tends to rule out the most obvious alternative 
explanation which could be given for the results of the first study. 

In previous studies of judgements of filled versus unfilled time, where the variables 
can be classified according to the definition of distraction given in the Introduction, 
the data agree with the present theoretical views (e.g. Harton, 1938a, b; Bakan, 1955; 
DeWolfe and Duncan, 1959; Banks and Cappon, 1962; Warm, Greenberg and Dube, 
1964). Other confirmatory evidence is summarized under various headings in Wallace 
and Rabin (1960) and Fraisse (1963). 

, In these studies the range of explanatory concepts used is almost as wide as the varia- 
tion in experimental variables employed as “fillings.” None of the various concepts 
Put forward previously has both a wide range of applicability and lack of ambiguity in 
definition. The present system for classifying events occurring during a judged time 
Interval seems to have the two advantages of operational specificity and generality of 
pplication. It is also shown here to have some predictive utility. 

There appears to be no reason why the present approach could not be profitably 
applied in studies of judgements of other features—such as extensity and numerosity. 
A 8reater degree of precision may be attained, however, if distraction is quantified in 
information theory terms. 
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FAMILIARITY AND WORD RECOGNITION 


BY 
R. F. GARTON and L. R. ALLEN 


From the Department of Psychology, University of Melbourne n 


_ Word recognition was examined for physics and non-physics students after a single 
visual presentation of a series of sixty words. Physics words likely to be familiar only to 
Physics subjects were used to vary the prior familiarity of the two groups with the inspec- 
tion material and the ratio of physics to common words (salience) was varied for each of the 
three inspection series. Common words, which were expected to have greater salience 
than physics words in one of the inspection series, were not found to be recognized better 
than the control pairings of physics words by either group of subjects. The absence of 
differences between physics and non-physics students in the number of inspection list 
words (positive instances) correctly identified supports the view that prior familiarity is 
not a critical variable when all inspection items are presented in a recognition test. 
Physics students made fewer errors than non-physics students in identifying both physics 
and common words in the the recognition test which were not in an inspection series 
(negative instances). It is suggested that the correct identification of negative instances 
Involves a scanning of a subject’s “internal store” of previously experienced inspection 
oo and that this is more efficient when the meaning of all the items in this “store” is 

own. 


INTRODUCTION 


_ The role of familiarity in the recall of complex material has interested psychologists 
Since the classic work of Bartlett (1932). He stressed that recall was directly influenced 
y the way in which a person organized and interpreted perceived material. The impor- 
tance he attributes to existing cognitive structures (“‘schemata’’) is clear from his statement 
hat “a particular response is possible only because it is related to other similar responses 
which have been serially organized, yet which operate, not simply as individual members 
Coming one after another, but as a unitary mass” (p. 201). This cognitive function of 
ordering incoming information has been elaborated by Bruner (1957) in terms of categoriz- 
ing stimulus input. The extent to which a person is equipped through past experience 
With appropriate modes of coding information determines his ability to organize his 
environment in a variety of cognitive tasks. 
_ It may also be argued, however, that the ratio of familiar to unfamiliar material is of 
Importance. If for example the task is the recognition of words presented visually, the 
Proportions of familiar and unfamiliar words may be varied. In a series such as “religion, 
Soldier, difference, dynatron, government,” the word “dynatron” may be subsequently 
Tecognized with ease even if it is not part of the subject's everyday vocabulary. Such an 
Observation could be regarded as an example of the von Restorff (1933) effect. 
A modern analogy of this effect would be one borrowed from Signal Detection Theory 
(Swets, 1964). One may view ‘‘dynatron” in the above example as a more discriminable 
Signal” amid a series of signals of common words. Similarly, in a series such as “solenoid, 
tetrode, hysteresis, religion, dynatron’”’ perhaps “religion” would have a higher threshold 
and be recognized more easily. Though a common word, its presence in this list is 
unusual. Consequently, this von Restorff effect would cover the cases where familiar 
and unfamiliar words may stand out depending upon which of the two classes was in the 
Minority, 


The viewing of familiar and unfamiliar words within a context of other words may be 


Tegarded asa problem in detection. A subject knows that in a recognition test he may be 
confronted by a signal (i.e. a previously presented item) or by noise (i.e. extraneous words), 
and he is to report which he believes it to be (see Luce, 1959; Green and Swets, 1966). 
Iteration of the ratio of familiar to unfamiliar items in an inspection list may induce a 
Variation of recognition strategy. 
The exploratory investigation repor 
and salience when these attributes are varie 


ted here examines the relative effects of familiarity 
d systematically in a word-recognition task. 
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METHOD 


j i i 75 i leted at least 
jects. The subjects were 150 university students, 75, having comp 
Pee a physics pels and 75 having little, if any, science training at secondary 
school. 


Materials. Three inspection lists were prepared consisting of physics and non 
ics words. = a 

Pane en words (P) were chosen in order that they would be very aiet Sete 
year university students reading physics for a degree; at the same time they ba Physics 
within the ordinary vocabulary of non-physics students. Staff members o: ee a nope 
Department assisted in the selection of a pool of 70 suitable words. ba ae 4 tha 
physics students then rated these words according to whether they were familiar “ds (CP) 
meaning. Subsequently, on the basis of these ratings, eight critical physics w a 
were identified which, although highly familiar to physics students, were 0: 

iliarity to non-physics students. a 
eas caine a eds (C) were chosen each having a frequency rated greater ee 
in the Thorndike-Lorge Word Count (1944). Each of these was paired, on the eds 
word length and initial letter, with one of the 70 physics words. The eight sonnen a 
paired with CP words are designated CC. The eight critical pair-words were CO rjigion 
column, dipole-dollar, isomer-island, meson-merit, oersted-opinion, rheostat-r 
solenoid-soldier, tetrode-tonight. Gute 

The three inspection lists of 60 words contained different proportions of P and necro 
the eight critical pairs appearing on each list. Using a table of random numbers aining 
critical words were allocated to the same serial positions in all three lists. The rem 


an 
44 positions were filled by words taken at random from the two pools of common 
physics words to form three lists as follows: 


List X contained 8 CP, 
List Y contained 8 CP, 
List Z contained 8 CP, 


A single test booklet contained the 7 
determined order. Beside each word w; 
how certain he was that the word was 


8 CC and 44 P words 
8 CC and 44 C words 
8 CC, 22 P and 22 C words. 


a randomly 


© P and their equivalent C words in t indicate 


aS a 5-point scale on which the subjec 
present or absent. = wed 

Procedure. Twenty-five physics students and 2 5 non-physics students were ber to 
to each of the three inspection list conditions. Each word from the list was projec re time 
a screen using a Kodak Carousel automatic projector (Model 550R). The Saree 


i re 
, almost sure it was present, not pas : 
Three measures of scoring jorië 
allow 
eae rds correctly recognized as having been present ( 
O absolutely sure was present” and “almost sure was present”). 


P ren 
(b) Error score on the critical 8 CP and 8 CC wi oe 
I, “almost sure absent” — -A 


(a) Number of the 60 List wo 


ords (using the weighting: 
“absolutely sure absent” = 3). éqmost 
“a 

re 
“almost SU 
ely sure absent”; absent words rated “alm 


P RESULTS 
Correct recognition of inspection words on- 


> -aand i 
The mean numbers of inspection words correctly recognized by the physics %4 out oF 
physics students are shown in Table I. A2x 3 analysis of variance was Car 


à 7 ,144) a 
these data, and the inspection list was the only significant source of variance (F(2 
9°88, p < 0-01). 
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TABLE I 
Mean NuMBER OF INSPECTION List WORDS CORRECTLY RECOGNIZED 
aaasta 


Lisi 
Subjects x | Y | Z 
Physics .. ya e 47°16 | 39°12 | 42:36 
Non-physics  .. .. 46-46 | 40°12 | 39°64 


Se 
Each mean is based upon 25 subjects’ responses. 


Error scores in recognition of critical words 


The means of the weighted scores for errors made in recognizing the 8 CP and the 
8 CC words are shown in Table II. An analysis of variance of these data, summarized in 


TABLE II 
MEAN WEIGHTED ERROR SCORES 
LT 


Group | Physics Non-physics 
List | & | * | 2 X | xvi zZ 
8 CP | 3°24 1°80 | 2°72 | 4°44 | 476 6:88 
8 CC | 7:20 8-76 | 4:20 | 744 | 7°64 7°16 


a 


TABLE III 
ANALYSIS OF MEAN WEIGHTED ERROR SCORES 


Source d.f. MS F 
Word class (W) I 718-00 20-9** 
List (L) ý 2 5'52 0-28 
Subject group (G) I 223°33 Ir14** 
WXxXE ats 2 104:70 10°47** 
WxG I 81-01 4:05* 
LxG D 2 63°44 3:17" 
Wx LG. 2 19°37 0:97 
Within cell ; 288 20°03 

ee a a 


* 
b < 005. 
** bp < oor. 


Table III, revealed that both the class of critical word (W) and subject group (G) were 
Significant. The effect of inspection list (L) was indicated in the W x Landi x S$ 
interactions. To examine significant interactions, ¢ values were calculated. When 

ists X and Y were employed, both groups made fewer errors on CP words than on CC 
Words (p < 0-05 in each case). However, this difference was not significant for List Z. 
Physics subjects made fewer errors than non-physics subjects in identifying CP words 
Tom List Y and in identifying critical words of both classes from List Z. 
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Number of test words incorrectly recognized 

This analysis separated two types of errors. A type 1 error occurred when a word 
present on an inspection list was reported absent; a type 2 error was made when a word 
not appearing on an inspection list was reported present. The mean number of type I 
and type 2 errors per subject for the 70 physics and 70 common words is shown in Table IV. 


TABLE IV 
MEAN NUMBER OF ERRORS PER SUBJECT FOR 70 PHYSICS AND 70 Common WORDS 


Physics subjects Non-physics subjects 
Error P Cc P C 
List type Words Words Total Words Words Total 
x I 7:28 2-01 9:29 8-77 2-01 10:78 
2 0-75 089 1-64 2-66 5°83 8:49 
eT [se fogs [es [ee e [ee 
‘85 3:03 -88 5 3 D 
5 5°51 41r a 
Zz I 4:06 10°69 14:78 15°39 
4°75 5°69 9°61 
a 4°43 6:58 I-01 7°33 742 14°75 
The total of type I errors showed little variatio i E hysics 
: n bety d non-p? 
subjects (9:29 vs. 10:78 for List X; 15:26 vs. 14-47 for List seh a seg aa for List “): 
The total of type 2 errors showed greater differences between physics and non-physi°® 
r example, 


subjects (for example, 1°64 vs. 8-49 for List X), and be 


1-64 vs. I1-o1 for physics subjects). Such i i 
I y comparison: hat physic 
made relatively fewer type 2 errors for each list, a that pie ee ikast error: 
List X, more errors for Y, and most errors for Z RODE 5 
s rence: 


de to P and C words indicated no large diffe r for 
i bjects (for example, for C words: 2:01 VS- ps made 
+ 10°69 vs, 9-61 for List Z). h subject grou 

fewer type 1 errors to P words than i C words for List Bann Mone in xnority lass fof 
ysics subjects were f to differ in the nu™ n 

Zea ot made to P and C words. Physics subjects enk Sener iyDE 2 error: PeR 
2°66 and 0-89 ve 5-8 k Ae of the P and C word comparisons (for example, Ppt c 
word errors for e; a 3 for List X) and the groups differed also in the proportion O° |x). 
each inspection list (for example, 0-75 vs, 0-89 and 2-66 vs. 5°83 for List 


‘tween inspection lists (for subjects 
s for 


There are two findi i 
and salience, The gags which are cl 


alternatives in the recognition booklet to 


tiom or retrieval of inspectiom he aSa may employ diferent Strategies during the Peze 
fates 2 ie i her 

__ The analysis of types of amor (Table 1 apparently similar recogni heth? 
different recognition strategies were 
made in reporting “absent” a word 
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index of the amount of inspection materials correctly identified (Table I), and similarly 
reveals no significant differences between the groups for each list. It is not until errors 
made to words not on the inspection list (type 2) are considered that important differences 
between physics and non-physics students become apparent. Physics students were found 
to make noticeably fewer errors of this type not only to physics words but to common 
words as well. As the superiority of physics students cannot be attributed solely to their 
making fewer errors to physics words, it is clear that they benefit from being familiar with 
the meaning of all the inspection list words. 

An explanation of the role of familiarity in this experiment is suggested by comparing 
the different problems encountered in the processing of positive and negative instances. 

Positive instance occurs when an item in the recognition booklet is identical with a 
previously presented item from the inspection list; the recognition item is a negative 
Instance if it did not appear in the inspection list. The task of accurately identifying a 
Positive instance only requires that a subject perceives a particular item in the recognition 
booklet as having appeared as an inspection item. Although physics students were 
familiar with more of the inspection list items, they were not superior to non-physics 
Students in the identification of positive instances. This is consistent with Dale's (1967) 
finding that unfamiliar items within each of his lists were just as likely to be correctly 
tecognized as familiar items. The task of accurately identifying a negative instance 
Tequires a subject to compare an item in the recognition booklet with his “internal list” 
of previously experienced inspection items in order to eliminate it correctly. Wason 
(1959) has stated (in a different context) that “the utilization of negative information 
would seem to be a relatively mature and sophisticated activity because it implies a store 
Of positive information which can be used as a standard” (p. 103). Hence, the superiority 
of physics students in identifying negative instances suggests that the scanning of stored 
information is more efficient when the meaning of all the items in the store is known. 


a The authors acknowledge the help of Mr. K. F. Taylor for a critical reading of this 
Per, 
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RESPONSE-TIMES AT DIFFERENT POSITIONS 
WITHIN A SENTENCE 


BY 


R. A. KENNEDY and A. L. WILKES 
From the Psychology Department, The University, Dundee 


Response latency has often been used to draw inferences about scanning opganon a 
serial lists. Different models have been employed and this experiment tests their pre a 
tions when a sentence replaces a serial list. Constituent analysis is used to predict al 
increase in latency when responding involves crossing a constituent boundary. re 
prediction is confirmed, and it is found necessary to revise those explanations derive 


from studies using serial lists to include reference to the syntactic structure of the linguistic 
material used. 


INTRODUCTION 
The time taken for a subject to respond to an it 
list is a useful index of the Strategies of storage and 


berg (1966) presented subjects with a series of short lists, each being followed by a test 
digit which might or might not have appeared in th 


d recall. 


. ? 5 - oul 
the time to retrieve items from the centre of a list sho in 


fr i feat i which iS 
opposition to the findings of Ste oe beginning orend. This result, 8) 


jesa 
upies 
ms of ordered material the sentence ocer rules 


A grammatical sentence must meet certain syntact In 


In yond serial lists to oth 
Position of special interest. ats 


R 5 rom the syntactic rules adult subjects follow when 
storing and generating sentences, ici Us les have t 
from linguists (e.g. Chomsk The most explicit statements of such ru el bu 


, for example, the sentenc “Her thin black cat DIOS’ sree 
rare green dish,” a hierarchical set of ea ee ose a he 


RESPONSE TIMES WITHIN A SENTENCE 391 
FIGURE 1 


HER THIN BLACK CAT BROKE THIS RARE GREEN DISH 
(I) Q) @) (4) (5) (6) ” (8) 9) 


Tree diagram illustrating constituent structure of sentences used. (Example sentence.) 


diagram locates a major structural break in the sentence between “cat” and “broke” 
which suggests that there will be longer latencies when “‘cat’’ serves as a prompt word than 
when, for example, “black” or “broke” do so. Although the constituent analysis illu- 
Strated in Figure 1 is based on linguistic rather than psychological principles, a number of 
Tecent studies indicate that some borrowing may be justified. In a study of speech 
Perception, Fodor and Bever (1965) used recorded sentences on which clicks had been 
Superimposed and which their subjects had to write down, marking where a click occurred. 

t was found that clicks objectively preceeding or following major constituent boundaries 
Were likely to be ‘‘displaced”’ resulting in a new location nearer the boundary. From their 
Tesults the authors argue that the test sentence is divided by the hearer into perceptual 
Units, “on the basis of his knowledge of the constituent structure rules of his language” 
(p. 418). Similarly, Johnson (1965, 1966), has used immediate constituent analysis to 
Predict the distribution of errors when sentences feature as the responses in paired- 
associate learning. . 

Suci, Ammon and Gamlin, (1967) in a similar experiment to that reported here also 
Predicted peak latencies at the noun-verb break. Using children and adults they found a 
Significant F for test-position. A detailed analysis of their results was not provided but 
eared to correspond with the constituent structure of the sentences used. 
l criteria alone it can be predicted that in sentences following the 
rds eliciting responses from position 5 (i.e. across a 
Constituent boundary) will be associated with a longer response latency than words 
Cueing a response from within a constituent. Neither of the scanning models tailored to 
fit serial lists would place a position of maximum latency quite so early in the sequence 
and the present experiment has been designed to throw further light on this. 


atencies appi 
hus from structura 
Syntactic pattern of Figure 1 cue wo 


METHOD 


Materials. Six sentences consisting of monosyllables and following the syntactic 
iructure illustrated in Figure 1 were used. These were: (a) My fat brown dog bit that 
ame oldman. (b) Those four good friends made their large blue car. (c) That wild young 
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boy rode his big white horse. (d) These tall fit men play our long hard game. (e) This 
poor cold girl stole your warm red coat. (f) Her thin black cat broke this rare green dish. 

Subjects and apparatus. Subjects were three men and five woman: technicians in the 
Department of Psychology, and members of the secretarial and teaching staff of the 
University of Dundee. Two tape recorders were used. The first presented the stimulus 
material, and the second recorded the whole of the experimental session. The sentences 
for presentation were recorded with the minimum of accentuation by a male voice. — The 
tape from the second recorder was later processed by playing it into a voice key, consisting 
of an amplifier and trigger with suitable circuitry so that of two successive stimulus inputs, 
the first would start a timer and the second stop it. Latency between the onset of the 
stimulus word and the onset of the subject’s response was measured: informal reliability 
checks of the procedure showed an error of measurement not greater than 30 msec. 

Procedure. A sentence was presented twice and after each presentation an 8 sec. 
pause occurred during which the subject repeated it. Each word from the sentence was 
then presented at 6 sec. intervals in a random sequence. Subjects responded to each, 
giving as quickly as possible the word immediately following the signal item in the sentence. 
When the final word of a sentence occurred as a signal, subjects were instructed to say, as 
quickly as possible, “nothing.” 

This sequence of two presentations followed by a random test series occurred thre? 


times for each of the six sentences. Latencies for all tested positions, including the last, 
were analysed. 


RESULTS 


Errors and omissions during recall constituted 6-2 per cent. of the total data for analysis- 
Following Lindquist (1953, p. 148), these cases were replaced by the subject’s mean 
latency at the relevant test position. A compensating reduction was made in the degrees 
of freedom for the error term in the analysis of variance. 


The mean latency of response to each i iti tences 
; later serial position was averaged for all sen 
and is shown in Figure 2. ? ii e 


FIGURE 2 
17 


Mean response latency in sec. 
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deviation. The F test is insensitive to skew of this order (Norton, 1952) and transforma- 
tion of the data seemed unwarranted. Factors in the analysis of variance were the 
serial position of prompt words and “‘trials,” that is, the three test series for each sentence. 
Significant effects were position (F = 12-99, d.f. = 8, 60, p < 0-001), and the interaction 
of position with “trials” (F = 4-98, d.f. = 16, 60, p < o-oo1). Further interpretation 
of this interaction was not possible since the effect of position at a given “trial” could well 
be dependent on the random sequence chosen for the test series. There was no tendency 
for overall latency to change over the three “trials” (F for “Trials” = 1-31, d.f. = 2, 14). 

__The Newman-Kuels procedure (Winer, 1962, p. 80) was used to assess the significant 
differences between particular positions shown in Figure 2. Using a minimal value of 
Significance of p < 0-05 and adjusting the degrees of freedom to allow for missing cases, 
Significant differences of relevance to the experimental hypotheses were found between 
Positions 3 vs. 4; 4 vs. 5; 5 vs. 6; and 6 vs. 7. More formally stated, it was found position 
6 was greater than all other positions but 4; position 4 and 6 greater than all but 1; and 
4, 6 and 1 greater than all but 5. 


Discussion 


The finding of a main effect for serial position makes it appropriate to discuss this in 
the light of the three theoretical viewpoints examined in the introduction. 

The results are clearly incompatible with Sternberg’s notion of a serial scan involving 
an increasing linear relationship of search time with position. If the sentence could be 
looked on as simply a nine-item array, at the very least it would be expected that response 
latencies to tests at positions 8 and 9 would be greater than to any other. Sternberg has 
not extended his argument to deal with anything other than serial lists, but the present 
findings set a severe limitation on the generality of the scanning model he employs. 

_ The view that the relationship between serial position and latency is curvilinear, that 
is, that retrieval time for the beginning and end of an array should be shorter than for the 
Centre, gains some limited support. Clearly, anomalous findings on this viewpoint are the 
latencies found at positions 1, 5 and 9. An increase in latency at position 9 (albeit not 
Significant), may perhaps be accounted for in terms of the nature of the response made, 
which was a word (“nothing”) not in the original display. If a short latency reflects a 
Point of easy access to the array as stored, then position 5 will rank as one of these. 
This is clearly of relevance in considering the syntactic structure of the sentences used, 
but poses considerable difficulties for a scanning hypothesis of the kind under consideration. 

The comparatively long latency for position 1 is an embarrassment to almost any 
theoretical account, but it may perhaps be partly explained by reference to sources of 
interference within the sentence. The importance of controlling for proactive inhibition 
across sentences in experiments of this sort need hardly be stated. However, control for 
interference within sentences is particularly difficult given the need for sentences which 
are both grammatical and consist simply of monosyllables. An enforced duplication of 
words in certain sentences is found in positions 1 and 6 where there is a need for mono- 
syllabic declarative article or possessive pronoun. In fact only nine words of these 
grammatical classes aré available to fill twelve positions. It should be noted that any 
Compensation for this interference effect that might be employed to bring position 1 to 
some basal level (i.e. equal to positions 2 and 3), would nevertheless leave position 6 
(proportionately reduced) at a significantly higher point than position 1 but below position 
4. 
The hypothesis that sentence structure is a factor determining ease of access and leading 
to the prediction that crossing a consituent boundary would be associated with a relatively 
long latency is obviously supported. Long latency at position 4 contrasts with the short 
latency found at position 5 and it could be that ready access to the sentence may be made 
at position 5 in the scanning process. This could imply separate access to the two major 
constituents of this sentence type but there are reasons for not developing this argument 
further. The prime difficulty is that of using a predictive model for the generation of 
Sentences when dealing with the processes of storage and retrieval. It seems likely that 

hese operations will share similar principles (see also Mehler and Miller, 1964) ; the present 
findings also suggest this may be the case, nonetheless the degree of overlap is still 


ambiguous. 
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LETTER-NAMING TIME AS A FUNCTION OF SET 
FAMILIARITY AND SYMBOL DISTINCTIVENESS 


BY 


W. A. HERSHBERGER, P. R. TRANTINA and KATHY COSGROVE 
From Northern Illinois University 


Two symbol-naming experiments were conducted assessing the dependence of Fitts 
and Switzer’s set-familiarity effect upon symbol distinctiveness. Sixty college males 
named printed letters presented in a strobotron tachistoscope, the letter always being 
selected from a preannounced set of three. A voice key detected the response. Experi- 
ment I found the Fitts and Switzer finding to be a joint effect: response latency for naming 
the symbol B in the unfamiliar but distinctive set, VBO, was intermediate to that for the 
familiar distinctive set, ABC, and the unfamiliar, homolographic set, PBE, the two sets 
used by Fitts and Switzer. Experiment II, a factorial combination of set familiarity and 
Symbol distinctiveness yielded a significant interaction such that with homolographic 
Symbols, set familiarity was associated with an increase in reaction time. The results 
Were interpreted as consistent with an hypothesis that the set-familiarity effect relates to 
Symbol-identification time as opposed to response-identification time. 


INTRODUCTION 


Fitts and Switzer (1962) have found that the response latency for naming the visual 
symbol B is less when it appears alternately with the symbol A and C than when it appears 
alternately with the symbols E and P. They attributed this effect to the difference in 
familiarity of the two sets of letters: 4, B, and C vs. P, B, and E. However, their finding 
Might just as readily be interpreted as revealing the effect of stimulus similarity: the 
Symbol B is graphically more distinctive in the set ABC than in the set BPE where the 
symbols P and E comprise mere subsets of the symbol B. Or, since the two interpretations 
do not appear mutually exclusive, the Fitts and Switzer finding may reflect a joint effect. 
It was the purpose of the present research to assess the relative influence of the two factors. 
_ Naming alpha-numeric characters is a perfunctory task well routinized by most literate 
individuals. The verbal symbol or name of each letter category is so firmly associated 
With its corresponding visual symbol and so fully dissociated from all others that the 
task involves no apparent deliberation or choice. Accordingly, it is sometimes found 
that the response latency for naming individual alpha-numeric symbols is independent 
of the number of equiprobable characters from which the symbol is selected (Brainard, 
Irby, Fitts, and Alluisi, 1962; Morin and Forrin, 1962; Mowbray, 1960). However, where 
Speed is of the essence, an experimental subject may be pressed into naming an alpha- 
Numeric symbol before he has fully inspected it, that is, before the symbol, let alone the 
letter category it represents, has been thoroughly identified. In this case, the naming of 
the symbol becomes, clearly, a disjunctive reaction with the subject deciding with limited 
stimulus information which of several symbols he is viewing. 

If he is to reduce his response latency in this way he must, however, possess certain 
Prior information which allows him to “‘deduce”’ the identity of the symbol from incomplete 
—and otherwise indeterminate—stimulus information. Such a priori information may be 
Provided him by an announced reduction in the number of symbols he is called to identify. 
For example, if he is advised that only three symbols from the 26-character alphabet are to 

© presented, say, A, B and C, he need only determine for each stimulus presentation 
Whether the symbol incorporates curved or straight lines: if there are no curved lines the 
Symbol is an “A”; if there are no straight lines it is a “C”; if there are both straight and 
Curved lines it is a “B”. The more distinctive the symbols the less stimulus information 


Tequired to distinguish between them. i À 

Providing it is sufficiently simple to employ, such a deductive technique may allow the 
Subject to reduce his response latencies by some small but measurable amount (cf. 
Rapoport, 1959). Not surprisingly, several investigators (Forrin and Morin, 1966; 


orin, Konick, Troxell and McPherson, 1965) have recently reported that the response 
latency for naming visual, alpha-numeric symbols presented individually may be reduced 
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: 3 ly 
imiting the number of alternative symbols presented to a total of approximate 

eee It is doubtful if a limited set-size is the only prerequisite for hee ps oe 
The symbols themselves must, presumably, differ from one another sufficiently tO poe 
the subject to choose between them with very little stimulus information. Also, m A 
subject must remember the particular alpha-numeric characters which comprise th e mie 
symbols to be named, familiarity with those symbols as a set should facilitate his u A 
the deductive, symbol-identification process. It is this last factor, familiarity of Le 
set, to which Fitts and Switzer attribute their findings that the symbol B is ame n ie 
rapidly in the set ABC than in the set BPE. However, they did not control oer 
distinctiveness of the B in their two experimental sets. The experiments reporte! 

{ igned to do this. 
si gare experiment, three sets of symbols were used, ABC, V. BO, and PBE, ee 
VBO being as unfamiliar as BPE but including symbols roughly as distinctive from nae 
another as those in the familiar set ABC. It was found that the response latency A 
naming the symbol B was shortest for the set ABC, next shortest for the set VBO, nity 
longest for the set BPE. In other words, both stimulus distinctiveness and set fami! i 
contribute to the specific finding reported by Fitts and Switzer. However, it was impa 
sible to determine to what extent the two factors operate independently of each 0 iis 
since the familiar-set comparison involved only distinctive sets whereas the stimu , 
similarity comparison involved only unfamiliar sets, To explore this issue, a aeo 
experiment was conducted: a multidimensional factorial design combined each 0 
levels of stimulus similarity with each of two levels of set familiarity. 


METHOD < 
Subjects. Sixty male students attending Northern Illinois University served @ 
subjects. Twelve served in Experiment I. Forty-eight served in Experiment II. 


e 
Apparatus. The symbols to be named were black capital letters printed in the cong 
of white paper cards, four inches square. The cards were presented in a Lafaye 
strobotron tachistoscope and were viewed from a distance of approximately 20 1M. ted 
microphone mounted on a small boom was placed near the subject’s mouth and ope er, 
. an electronic voice key. Response latencies were measured with a Hunter Klockour 
accurate too-oorsec. The experimenter activated the tachistoscope and the Klockou 
simultaneously by throwing a single DPDT toggle switch; the subject’s voice stopp® 
instruments simultaneously by activating the voice key. t 
p a 
R The subjects were tested individually, Each student was instructed fa : 
on each trial he was t i i : become 
nated in the viewer (techs S possible the letter which would esse 
If he misidentified a symbol, that symbol i f that partic 
block of trials, Nevertheless “ o i aaa 


ne 
: i ring any o 
Boal of riale oniy ee aS mprised several blocks of 75 trials each. Du equally 


r rent letters were presented. They were presented, was 
often and in a random order. At the beginni l i ae 
` the subjec 
ieee wn. tHe Set of ii aai e beginning of each block of 75 trials, 


etters he would be required to name. the 
cep trial was prefaced with a signal of “ready” approximately 1 sec. befor ter 
symbol was illuminated, The intertrial interval was approximately 8 sec. and the 


h of the six different i e three bi 
randomly assigned to a diffe spate nationa a£ MES 


, f 

5 mensional design was employed. Two blocks °° | jock 
were used, one block with a familiar set of symbols DOG (or GOD) 
with an unfamiliar set of symbols GCD. Hal 


first, and half the unfamiliar. Half of each of these groups were told that the lot 
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the familiar set comprised the word “GOD”; the other half were told that the set com- 
prised the word “DOG.” Half of each of these subgroups were presented relatively 
distinctive symbols in the form of capital letters printed in Berling Italics, 48 pt. Letraset 
No. 317). The other half was presented homolographic symbols comprised basically of a 
circle $ in. in diameter. The O was a full circle. The vertical upright of the symbol D 
was } in. in length. The gap in the symbols C and G was, in each case, 3 in. The G in- 
cluded a } in. vertical line beginning at the lower edge of the gap and extending 
downward. The symbols were drawn in black ink with a ball-point pen. Although 
they could be distinguished, the symbols were not readily discriminable from one another. 
i Including the differences in the letters themselves, Experiment II comprised a four- 
actor design: Letters, Set-Familiarity, Symbol Distinctiveness, and Letter Order (GOD 
vs. DOG in the familiar set). The design was mixed, with all values of the first two factors 
administered to each subject, and each combination of values of the last two factors 
administered to a different, randomly-selected quarter of the subject pool (N = 48). 


RESULTS 

Experiment I. The overall mean response latency for naming the symbol B, the one 
letter which appeared in all three trial blocks, was 0-431 sec. in set ABC, 0:456 sec. in set 
VBO and 0-472 sec. in set PBE. All differences among these means are significant 
(Sign Test: p < 005). 
i Experiment II. Mean response latencies for naming the symbols D and G (the two 
etters which appeared in both trial blocks) are shown in Table I as a function of Symbol 
Distinctiveness, Set Familiarity and Letter Order (GOD vs. DOG). 


TABLE 1 
MEAN RESPONSE LATENCIES TO THE SYMBOLS D AND G AS A FUNCTION OF STIMULUS 
DISTINCTIVENESS, SET FAMILIARITY AND LETTER ORDER 
(Data in sec.) 


—_—— 


Familiar set Unfamiliar set 
Stimulus distinctiveness Letter G Letter D Letter G Letter D 
Distinctive: 
Letter order: 
G-D.. a om ka 0:492 0-484 0-518 0'503 
D-G.. x s. os 0-482 0-487 0:503 0-501 
Homolographic X 
Letter order: 
G-D.. a as T 0:619 0:623 0-618 0-581 
D-G.. aa s ba 0-613 0-601 0607 0504 


Se a a 


he subjects’ mean response latencies yielded four 
ess, Letter (G vs. D), a first-order interaction 
between Set Familiarity (GOD vs. GCD) and Letter (G vs. D), and finally an interaction 
between Set Familiarity and Symbol Distinctiveness. The mean response latency was 
shorter for the distinctive symbols, 0-496 sec., than for the homolographic symbols, 
607 sec, (F = 53°93, af. = 1/44, p <0°001). The mean response latency to the 
Symbol D, 0-547 sec., was shorter than the mean response latency to the symbol G, 0°557 
sec. (F = 5:17, d.f. = 1/44, P <9°05)- The interaction of Set Familiarity and Letter 
(F = 7°67, df. = 1/44, 2 < o-or) was such that the letter G was more readily identified 
than the letter D in the familiar set, 0-549 Sec. VS. 0°552 Sec., whereas G was less readily 
identified than the letter D in the unfamiliar set, 0°562 sec. vS. 0:545 sec. The interaction 
of Set Familiarity with Symbol Distinctiveness (F = 7:30, d.f. = 1/44 ,b < 0-01) was 
Such that for distinctive symbols, mean response latency was shorter for the familiar 
Set, 0-486 sec., than for the unfamiliar set, 0-507 Sec., whereas for homolographic symbols 

€ opposite was true: the mean response latency was shorter for the unfamiliar set, 


9-599 sec., than for the familiar set, 0-614 sec. 


_ A four-way analysis of variance of t 
Significant effects: Symbol Distinctiven 
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Discussion 


The present results show that although Fitts and Switzer’s set-familiarity effect is 
genuine, the nature of the effect somehow depends upon the distinctiveness of the symbols 
being named: when the symbols are distinctive, familiarity with the symbol set reduces 
reaction time, as reported by Fitts and Switzer; however, when the symbols are homolo- 
graphic and difficult to distinguish, set-familiarity may be associated with an increase in 
reaction time, either as a causative factor or as the accidental result of being confounded 
with a more significant variable which does vary as a function of symbol distinctiveness. 
The relative merits of these two interpretations are discussed a little later. 

Although the familiar-set effect appears to depend upon symbol distinctiveness, the 
converse is not true. Distinctive symbols are named more rapidly than homolographic 
ones, irrespective of the familiarity of the set of symbols named (cf. Crossman, 1955): 

The present finding of a shorter response latency for the letter D than for the letter G 
may be attributed to a difference in their phonetic labels. “D” is a harder phoneme better 
suited for detection by the voice key. Hence, this difference, also noted by Fitts and 
Switzer, appears trivial. x 

What does not appear trivial, however, is the interaction of the variables Letter and 
Set Familiarity, for it illustrates further the si 
upon symbol identification. The letter G was more ri 


na ate f sorts requi i ba i 
distinctive from each oth rd ( Ske plea gaat ferah Ae k 
preventing irrelevant SE (b) the symbols comprise a set easily remembered, thet 

However, why then should set familiarit ot 


. i ke 
the homolographic symbols? Presumably it should 3 T 


eh : .] 
significant interaction appears to be the effect of yet an come 


ific tO a 
tance, 
tion- 
n 


Plausibly it did not. T 
l 


T the homolographic s i t study 
f ymbols used in the present stuc inate 
solely in terms of their right: anaele. The symbols G, C, and D could be dison ls 


miliar set, GCD, the subjects needed OF in 


muian 
anning required by the set GOD more 
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compensated for any advantage that accrued to it by virtue of its familiarity. Unfortun- 
ately, the absolute magnitude of the two effects cannot be ascertained since they are 
Perfectly confounded. And asa consequence, we cannot actually tell whether there is a 
direct interaction between symbol distinctiveness and set-familiarity per se. We may 
only note that as a set of symbols to be named becomes increasingly homolographic, the 
topographical character of the symbols becomes increasingly significant, with the potential 
of obscuring any effects attributable to set familiarity. 

_ That the process of symbol identification investigated here involves stimulus discrimina- 
tion as opposed to response differentiation is evidenced further by the absence of an 
interaction involving the factors Letter (G vs. D) and Letter Order (G-D vs. D-G). If 
verbal response categories were being scanned, one could expect the response latency to 
the symbol D to be shorter for the set D-G than for the set G—D, and the latency to the 
symbol G to be shorter for the set G-D than for the set D-G. However, no interaction 
involving these two factors proved to be statistically significant (p = 0°05). Of course if 
the scanning of response categories were exhaustive as suggested by Rapoport (1959) and 
Sternberg (1966) then no such interaction would be expected, but neither would one have 
expected the obtained interaction of Letter and Set Familiarity. Clearly, the present 
results imply that symbol naming of the type investigated here involves scanning one’s 
Tepertoire of visual-symbol categories rather than verbal-responses categories. 


The work reported herein was supported in part by a grant from the U.S. Office of 
Education, Department of Health, Education, and Welfare. The authors thank Harold 
Taylor for preliminary work on the project. 
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THE EFFECT OF ELECTRIC SHOCK ON RATS’ CHOICE 
BETWEEN FAMILIAR AND UNFAMILIAR MAZE ARMS: 
A REPLICATION 


BY 


M. H. SHELDON* 
From the Department of Psychology, University of Hull 


It is argued that experiments showing that noise and electric shock produce GN 
changes in rats’ locomotor activity are only weak evidence for a relationship pa 
fear and exploration. Stronger evidence comes from an experiment in which Pis 
shocked than unshocked rats chose the unfamiliar arm of a maze. Certain details of one 
experiment are unclear, and an attempt is made here to confirm its findings. In aes, 
experiment, shocked rats again chose the unfamiliar arm less often than unshocked F ing 
and in a second experiment it was shown that this finding cannot be explained by say 


7 nt 
that shocked rats choose at random. These results are discussed in relation to rec® 
suggestions about exploration in rats, 


INTRODUCTION 
It is quite commonly suggested that there is a ery 
behaviour and fear, and a number of experimenters (Broadhurst (1957) and Montgom™ on 
and Monkman (1955) wi penn 
i imulation assumed to produce fear (electric shock, and loud one it 
But to show that a treatment affects locomot ivity i i show that y 


l 1 1 imuli 
affects exploration, if by exploration we mean behaviour under the control of ane re 
arising from the environment. The case fo: lore 


relationship between exploratory 


u rting- 
afio compartment and immediately placed in fom aire 

ir : wi 

in the starting-box: was it taken . at happened if at the end of 10 min, the ra 


? jggins 
Presented here I have tried to confirm Thompson and Hige 


€ of apparatus and describing the procedure more fully- 


F Expr D 
Subjects RIMENT I 


: tory? 
i Forty-three hooded rats (24 female and 19 male) were used, bred in the labor OR 
they were about too days old. All rats had been tested in an open field for 3 


each of 4 successive days shortly before taking part in this experiment. 


Apparatus 


in the centre of a large dark cupboard. 
*Now at Department of Psychology, University of Reading. 
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bulb hung 2 ft. above the centre of the maze, and white noise of low intensity was delivered 
by a loudspeaker standing behind the start-box. When a morse key was pressed, 
shock lasting o-5 sec. was delivered through the grid floor; the current, assuming a resis- 
tance of 10,000 ohms, was 0-8 mA. 


Procedure 


Each rat was carried from its living cage into the cupboard, and put into the maze 
at the end of one of the two arms of the Y, facing away from the choice point. The guillo- 
tine doors at the entrance to that arm, and at the entrance to the start-box, were open, 
and the rat was free to move between the arm and the start-box for 10 min. The door 
leading to the second arm was closed throughout. After ro min. the rat was taken out 
of the maze (wherever it was) and placed (or replaced) in the start-box with the door 
Closed. The start-box was covered with a roof of transparent “Perspex,” and after 
5 Sec. half of the rats were given a single shock. Five sec. later (or, for unshocked rats, 
TO sec. after the roof had been placed on the start-box) all three maze doors were opened, 
and the rat was allowed to choose between the two arms of the Y. It was regarded as 
having made its choice as soon as all its feet had crossed the threshold of one of the arms. 
Ifa rat failed to choose within 15 min. it was taken out of the maze. As far as possible 
€qual numbers of rats (both males and females) were introduced into each of the two maze 
arms, and equal numbers of rats introduced into each arm were shocked and not shocked. 
Trials for shocked and unshocked animals followed one another haphazardly. 


Results 
Table 1 shows how many shocked and unshocked rats chose the arm to which they 
ad not been exposed previously (the “unfamiliar” arm) and how many chose the arm 
to which they had been exposed (the “familiar” arm). Results for males and females are 


TABLE I 
LEER! 
Shocked Unshocked 

aa aE = 
Number of rats entering familiar arm Male 6 o 

Female 5 I 

Total II I 
Number of rats entering unfamiliar arm | Male 4 9 

Female 7 Ir 

Total 1 20 


shown separately. One animal—a shocked female—failed to choose within 15 min. 
Since the hypothesis being tested was that shocked rats would choose the familiar arm 
More often than unshocked rats, this rat has been treated as though it chose the unfamiliar 
arm, and its score appears in Table 1. Combining the results from males and females 
We find that more shocked than unshocked animals chose the familiar arm (x? = 8-43, 


d.f. = 1, p<o-o1). 


Discussion 

Fewer shocked rats entered the unfamiliar maze arm, and in this the results agree 
with those of Thompson and Higgins. But Thompson and Higgins showed that shocked 
Tats preferred the familiar arm (24 animals out of 30) whereas the present result could be 
explained by assuming that shock has such a disruptive effect on behaviour that the 
Choices of the shocked animals were random. 

If Thompson and Higgins’ result is repeatable it would be natural to assume that the 
Probability of a rat’s choosing the familiar arm would increase with the severity of the 
Shock, The shock used here seems to have been both shorter and less intense than that 
used by Thompson and Higgins, and it might, therefore, be expected that if the experi- 
Ment were repeated, using a more severe shock, shocked rats would show a significant 
Preference for the familiar arm. ‘There is, however, a practical difficulty. Even in the 
Present experiment one rat failed to choose within 15 min., and this, together with common 
observation of shocked rats, suggests that if the shock were made more severe a substantial 
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number of rats would fail to leave the start-box within a reasonable time. The problem 
would then arise of how these rats were to be treated. It would clearly not do simply 
to ignore them: it could always be argued that rats who are very slow to choose are pre- 
cisely the ones who, when they eventually do choose, enter the unfamiliar arm. Since 
it is hard to see any legitimate basis for excluding an equal number of rats from the 
unshocked group, the only satisfactory course would be to assume that these rats would 
have chosen the unfamiliar arm (contrary to the prediction). But as soon as the number 
failing to choose becomes substantial, even if those rats who do choose all choose the 
familiar arm, a rather large number of rats would be needed to show an effect. 


EXPERIMENT 2 

If we are concerned simply to show that the results of Experiment 1 cannot be 
explained by saying that choice following shock is random, then matters are less difficult. 
If we can show, using a more intense shock, that of those rats who do choose within @ 
reasonable time, a significantly large number choose the familiar arm, we can at least 
claim that shock does not as a general rule disorganize choice behaviour. It would then be 
more reasonable to interpret Experiment 1 as showing that shocked rats increase their 
preference for the familiar arm. In an experiment with this limited aim we shoul 


oanrea to ignore the question of how any rats that did not choose would eventually hav® 
chosen. 


Subjects 


Forty-five hooded rats (20 male and 25 female) were used. They were of the same 
stock as those used in Experiment 1, and had had similar experimental experience. 


Apparatus 


This was the same as for Experiment 1. The intensi i sed to 
+ A : ensity of was increa. 
1-7 mA. (assuming a resistance of 10,000 ohms). 7 SESE 


Procedure 


As in Experiment 1, rats were e min., 


xposed to one maze arm and the start-box for 10 lace. 


; with the door closed and a “Perspex” roof in P 
i two 0°5 sec. shocks (1-7 mA.) in rapid succession. 


choose: 
Any rat who had not made a choi i ; recise 
5 min. after the doors had been oa was given a third shock (0-5 sec., 1-7 mA.) P 


Results 


Table II gives the choice dat females» 
and for rats taking more or JES Sian Se senile separately dor males = 
TABLE II 


Se ee 


ked 
Rats choosing — pe 


within 5 min. | 22 ee 


Number of rats entering familiar arm 


Male 8 5 

Female 14 5 

N i K Total 22 z2 
umber of rats entering unfamiliar arm Male 7 S 
Female 5 Š 

Total 12 á 


P ua 

If the effect of shock is simply to disrupt choice behaviour so that it is random, ing 
numbers of rats would be expected to choose the familiar and the unfamiliar arms- males 
first at those rats who choose within 5 min., and combining results from males and fe 
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as find that the number choosing the familiar arm_is scarcely significant (x? = 2-94, 
‘Sf, = 1, p<o-10>0-05). Taking females alone we find that the effect is greater (x° = 
hocked at the end of 5 min., we find 


i af. = I, p <0-05). Looking next at rats s 
0-006). significantly large number choose the familiar arm (by the Binominal test, p = 


Discussion 


pee peal results make it more difficult to argue that the shocked rats in Experiment 1 
a ee oosing unsystematically : it seems that choice shortly after shock need not be 
fon cnet Of rats choosing within 5 min., the females at least showed a clear preference 
Darton amiliar arm. The results from rats given a third shock at the end of 5 min. are 
hee ularly striking. At the end of 5 min. all these animals were still in the start-box, 
shock © out through the open door; they entered one of the maze arms as Soon as the third 
sie Was given, and although under these circumstances their behaviour might have been. 
Xpected to be disorganized, 10 out of 11 choose the familiar arm. It cannot, of course 

e assumed that these rats would eventually have chosen the familiar arm if they had 
oo left unlimited time for choice after the initial pair of shocks, and for this reason we 
Wa st be cautious about combining their results with those from the other animals. But if 
» simply ask the general question “Need rats who have just received a shock choose at 
andom?” it seems to be legitimate to combine the data. In this case choice of the 


familiar arm occurred at a high level: x? = 8-02, d.f. = 1, p<o-ol. 
§ x 


GENERAL DISCUSSION 


Taken together, the results of these experiments confirm the findings of Thompson 
and Higgins. Shocked rats are less likely than unshocked rats to choose an unfamiliar 
ee arm, and it seems that this difference has to be interpreted as an increased preference 
or the familiar arm. 
T he experiments referred to in the Introduction seem to have been concerned with the 
i ea that an animal’s exploratory behaviour will bear some relationship to its general 
evel of fear or emotionality; a treatment like shock (delivered inside or outside the testing 
situation) may be expected to affect exploration if it increases the animal's fear. This 
a of a relationship between fear and exploration should perhaps be distinguished 
Tom that put forward by Mowrer (1960) and by Halliday (1967). According to this, 
animals approach features of the environment about which they are moderately fearful, 
although of course they will avoid those that arouse intense fear. These two notions 
about the effect of fear are not, of course, contradictory, and it is tempting to see in the 
Present experiments a point at which they might be brought together. If we assume 
that the amount of fear aroused by a particular feature of the environment, depends 
Partly on the animal’s general level of fear, and that this may be raised by shock, 
then, given the further assumption that an animal’s tendency to approach a stimulus 
first increases and then decreases with the amount of fear it elicits, our results can perhaps 
be explained. We might argue that unshocked rats enter the unfamiliar arm because 
it makes them moderately fearful, whereas for the shocked rats, whose general level 
of fear has been artificially raised, the unfamiliar arm arouses such intense fear that they 


avoid it. 
If this view were correct it might be expected that th 
arm after shock would be even more marked in animals 
tions led us to call them relatively fearful or emotional, Eysenck and Broadhurst (1964) 
summarize a large amount of work on the Maudsley strains of emotionally reactive and 
Nonreactive rats, showing that defecation scores in an open field are correlated with 
ehaviour in a number of situations where we might expect differences in emotional 
responsiveness to be important. d in both the present experiments had 
Previously been tested for 4 days in an open field, and their defecation scores (total 
Number of boluses) were available. It might be expected that the defecation scores of 
her than those of shocked rats 


shocked rats who chose the familiar arm would be hig i 
who chose the unfamiliar arm. But this is not so. In Experiment I shocked rats 


choosing the familiar arm had significantly lower defecation scores (U = 19, p<0-02, 
two-tailed). In Experiment 2 (taking only those rats who choose within 5 min.) the 
difference is smaller but in the same direction (by the U-test, p<o'10, two-tailed). 

How damaging these findings are for the explanation sketched above depends partly, 
Of course, on how generally it is true that defecation scores measure underlying differences 


e tendency to choose the familiar 
whose behaviour in other situa- 


The rats use 
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in emotional responsiveness. What holds for Maudsley reactive and ; nonreactive = 
may not hold for other strains. Thus, for example, in a number of experiments by Den 
berg and his associates (Denenberg and Morton, 1964; Denenberg, Morton, and Hal sso oes 
1964 (Expt. I); Denenberg and Grota, 1964) on the effects of rearing conditions, va ie 
behavioural differences that it has seemed reasonable to attribute to difference? oH 
emotionality were unrelated to defecation scores. The absence of differences in compere 
in the present experiments, then, would not be too serious. But it is difficult to ea 
why there should have been differences opposite to those that might have been expected. 


I am most grateful to Dr. D. C. Kendrick for making available to me the eg: 
records of the rats used in these experiments. I should also like to thank Mr. R. *- 
Drewett for some most valuable assistance. 
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EFFECT OF SIMILARITY OF INTERPOLATED MATERIALS 
ON SHORT-TERM RECALL 


BY 


V. K. KOTHURKAR 
From the University of Poona 


Two experimental studies bear out the assertion that the probability of short-term 
recall of verbal units is adversely affected by the similarity of interpolated items. The 
possibility is conceded that some confounding of trace decay and interference factors 
may occur whenever an interval between an original presentation and its subsequent recall 
is filled with some intervening activity; yet it may be concluded that the results broadly 
corroborate and support the interference hypothesis as the major explanation of short- 
term forgetting, and of the decisive role of similarity. 


EXPERIMENT I 
Method 

Design of the experiment. The basic paradigm of the Peterson and Peterson (1959) 
short-term memory experiment was adapted into a 4 x 3 factorial design. The four 
different kinds of interpolated activities filling the retention intervals were spelling out 
CVC nonsense syllables, reading three-digit random numbers, perceptual discrimination— 
a simple perceptual task of judging and reporting which of the two small presented lines 
was longer—and colour naming. These four kinds of materials were presented, during 
the retention interval, on a memory drum at a constant rate of 1-5 sec. per frame. 

The above-mentioned four different kinds of intervening activities were systematically 
combined with three retention intervals of 6, 15, and 24 sec. yielding in all 12 variations 
of experimental treatments. 

Materials. Forty-eight three-consonant units with Witmer association value no 
greater than 25 per cent. constituted the central pool of to-be-remembered materials. 
Random samples of 24 such consonant trigrams from the common pool constituted the 
stimulus items for each of the 12 experimental treatments. Other filling materials were 
CVC nonsense syllables of low association value, three-digit random numbers, lines drawn 
in black ink and of varying lengths and some coloured papers. 

The similarity between the original and interpolated materials, however, was not 
systematically varied. Although the similarity—dissimilarity gradient was not explicitly 
worked out, it was presumed that the intervening CVC materials were most similar to the 
original consonant trigrams, and that the three digit numbers came next as having a 
certain formal likeness with the three consonant units. The similarity of the two remaining 
perceptual tasks with the original learning task was also not actually ascertained but was 
assumed—not unreasonably, it is believed—to be rather low on the resulting continuum. 


Procedure. In all, 360 subjects were tested individually. The experimenter spelt 
out the consonant unit, letter by letter, through a tape-recorder and immediately called 
the name of the colour or the three-digit number or whatever was the case, whereupon, 
the subjects started naming the colours or reading the three-digit numbers as they appeared 
at a constant rate on the memory drum. The subjects engaged themselves in respective 
intervening activities till they heard the auditory signal “yes” from the tape-recorder 
at the end of some stipulated retention interval, whereupon they attempted to recall and 
write down the originally heard three-consonant unit. Response latency was measured 
by means of a stop-watch from the “‘yes’’ signal to the completion of the written response. 
Two sorts of data were obtained from each subject: (a) correct or incorrect reproduction 


and (b) latency of recall. 
RESULTS AND DISCUSSION 


Recall. The mean recall scores (number of consonant trigrams correctly recalled) for 
the four principal experimental groups of subjects with interpolated nonsense syllables, 
three-digit numbers, perceptual discrimination of lengths of lines, and colour naming 
Were, respectively, 5°54, 7°53, 9°18, and 9'95 across the three different time intervals. 
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All observed differences in these recall means except that between the last two mean stern: 
scores were statistically significant beyond o-or level of confidence. The significance 0 
difference between these means was evaluated by t-tests. The mean scores of the three 
retention interval (6, 15 and 24 sec.) groups were respectively, 7-62, 7°15 and 9°38 (amna 
tion of this enhanced score is given below) across the four different kinds of interpolate 
materials. Mean recall scores under each one of the 12 experimental conditions are given 
in Table I. 


TABLE 1 


Mean RECALL SCORES OF THE EXPERIMENTAL GROUPS WITH DIFFERENT INTERPOLATED 
ACTIVITIES AT DIFFERENT RETENTION INTERVALS 


eee U UMlŘŘŮĖ—— 


Means for 

kinds of d 
Retention intervals interp olate 
Interpolated activity activity 

6 sec. 15 sec. 24 sec. 
Nonsense syllables. . -| §*63 (30) 4°53 (30) 6-46 (30) 5:54 (9°) 
Three-digit numbers «| 7°53 (30) 5°83 (30) 9°23 (30) 7°53 (99) 
Perceptual discrimination 8-13 (30) 9°07 (30) 10°33 (30) 918 (90) 
Colour naming 9°17 (30) 9°17 (30) 11:50 (30) 9°95 (9°) 
Means for retention 60 

intervals .. ong ..| 7:62 (120) 7°15 (120) 9°38 (120) | Total N=3 


Note.—Figures in brackets indica 


in 
A te the number of measures on which the correspond 8 
mean is based. 


Analysis of variance of recall scores ae X kinds of 
polated activity (F = 20-0, d.f. = 3, revealed significant F-ratios for kini 


a 10i» 
348, p < o-o1) and retention intervals (F = 1 
ences in the kin inter 
T as 3 : : s 

would impair recall most, and he original hypothesis that interpolated nonsense SY. f he 


5 Mean latencies of incorrect recall, in this 
: 12, 4°25 and 4-33 respectively. It may be noted that, ting 
connection, only completed incorrect responses wke taken into A It is inter rect 
Ils are uniformly larger than those A 
incorrect response was completely of inter- 
conflict, hesitation, etc. (indicators 


performances. Appare; 


it was not without some sense of blocking 
ference ?). , 


The total number of Overt intrusions j see late 
1 n recall were 289 with interpola 
syllables and only 16, 32, and I2with numbers, discriminated GE, and colours resp 
which provides additional evidence for the interference hypothesis of short ferent“ 
getting and is in line with Underwood’s (1957) observation that “Amount of inter 
from other tasks is closely tied to similarity.” 
A very disturbing factor in this, as in many other experiments on short-teT 


m memoryy 
is the possibility of uncontrolled rehearsal during interpolation, to which may Pe 


ascribe 
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the paradoxical finding (mentioned earlier) that the longest retention interval gave the 
largest recall scores. 

It was felt that from the point of view of a more effective elimination of rehearsal, a 
better controlled design of filling the retention interval “with material relevant to the 
Ongoing serial task itself” (Posner, 1963) was employed by Waugh and Norman (1965) 
in their probe-digit experiment which, incidentally, supported interference as the main 
Source of forgetting. It was, therefore, decided to analyse further the similarity— 
dissimilarity dimension in its effect on short-term retention using the general procedure 
of the above-mentioned experiment. In the following experiment, similarity was restricted 
to acoustic similarity. 


EXPERIMENT 2 
The hypothesis to be tested more specifically in this experiment was that short-term 
recall level will be relatively low with acoustically similar words and relatively high in the 
Case of acoustically dissimilar words. For this purpose, recall of minimally rehearsed 
words was tested and compared after an equal number of other acoustically similar or 
dissimilar words (and, therefore, also equal number of sec.) had followed their presentation. 


Materials. Series of 16 words were used based on Baddeley’s (1966a) List A com- 
prising 10 acoustically similar words (man, cab, can, cad, cap, mad, max, mat, cat, map) 
and List B comprising an equal number of acoustically dissimilar words (pit, few, cow, 
pen, sup, bar, day, hot, rig, bun) matched for Thorndike-Lorge (1944) frequency of 
occurrence in English language. Sixteen-item word lists were prepared from these two 
Sets with the help of standard tables of random numbers, with the constraint that no 
word should occur more than twice in the same sequence. No sequence contained words 
from more than one set. The final word in each series was one that had appeared exactly 
once before in Position 3, 5, 7, 9, 10, 11, 12, 13 or 14. Upon its reappearance this final 
“probe-word” was to serve as a cue for the recall of the verbal unit that had followed it 
previously in the sequence. 

The similar and different sequences were recorded on two separate magnetic tapes at a 
uniform rate of one word per sec. Each of the above-mentioned nine probe-word positions 
was tested 10 times; each tape thus had go test series plus 8 practice series. The final 
word in each series, the probe-word, was accompanied by a note of 435~ per sec. to help 
the subject in locating the end of the word series. The position of the first presentation 
of the probe-word was changed randomly from sequence to sequence but the presentation 
order for both the tapes was the same. 

Procedure. This was a group experiment. The subjects were required to write down 
the word that came after the probe-word, guessing if they did not remember it exactly. 
Maximum recall time allowed was ro sec. As the probe-word occurred only once before 
in the list, there was only one possible correct answer in each test. There were 12 
experimental sessions, six with each tape—the similar and dissimilar tapes occurring in 
ABBA sequence. The entire first session of similar and dissimilar tapes, each comprising 
98 tests, and also the first eight series of every session, were practice trials which, unknown 
to the subjects, were not scored. The subjects were explicitly and repeatedly told not to 
rehearse any of the previous words but to think only of the last one heard. By these 
instructions, it was thought that we were, in effect, measuring the recall of unrehearsed 
Pairs of words, under the two experimental conditions of similar and dissimilar words. 


The subjects were six post-graduate students. 


RESULTS AND DISCUSSION 


Responses were scored as correct or incorrect and group as well as individual serial 
Position curves were plotted under each condition (similar and dissimilar), combining 
relative frequency of a unit’s correct recall along y-axis with its distance from the end of 
the series on the x-axis (which also gives the number of intervening items). An inspection 
of the two general functions reveals the difference that similarity—dissimilarity makes to 
the level of short-term retention, under the conditions of this experiment. Pooled data, 
Corrected for guessing, are given in Figure 1. : 

Analysis of variance was performed on the mean number of items recalled by each 
Subject at different distances from the end (i.e. with differing numbers of intervening 
items), under the two experimental conditions. The F-ratio for the similar—dissimilar 
distinction was found to be significant beyond o-o1 point (F = 70-4,d.f.= 1). With equal 
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FIGURE 1 


e—e Dissimilar words 
œ- Similar words. 


Proportion correct (recall) 


I 13 


Number of intervening items. 


Results of Experiment 2. (Each point in Fig. 1 is based on 300 observations.) 


retention interval and equal number 
must be ascribed to the similarit 
The F-ratio for position (i.e. 


i ials 
of intervening items, the observed recall differential 
y-dissimilarity characteristics of the interpolated Y the 
distance from the end of the series and also indican ne aa 
number of intervening items) was significant at the o-or level (F = 43:2, d.f. = See 
so was that for subjects (F = 4°54,4.f. = 5). Theonly significant interaction was be 
position and the similar—dissimilar distinction (F = 9°75, d.f. = 8, p > œo1). | that 
The result of this experiment agrees with that of Wickelgren (1965) in showing $ he 
increasing the similarity of interpolated materi 
level of retention. 


y ial to that in store, causes decrement sb ean 
Asin the experiments of Baddeley (19666) acoustic similarity ha 
found to depress short-term recall of words. 
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Annual Review of Psychology, Vol. 19, 1968. Edited by P. R. Farnsworth., J. Polefka 
and M. R. Rosenzweig. Palo Alto: Annual Reviews Inc. Pp. xii + 544. $g9-00. 


This year’s Review contains nine articles on the following subjects: Audition, Visual 
Acuity, Brain Functions, Secondary Motivational Systems, Computer Simulation, Verbal 
Learning and Memory, The Learning of Psychomotor Skills, Developmental Psychology, 
Personality Structure, Mass Communication, Psychotherapeutic Processes, Statistical 
Theory, Consumer Analysis, Psychology of Men at Work, Student Development and 
Counselling. It offers for the first time a reprint service for individual articles published 
in the Review since 1961, each costing 95 cents. 

Reading straight through the Review serves as a stimulating and salutary reminder 
of the breadth of what is taken to be psychology; and the styles of the articles are as 
varied as their content. One can only be grateful that anyfone should be prepared to 
undertake the often mammoth task of selection from the literature, a task which in most 
Subjects grows each year. Despite the enormity of this task, alluded to somewhat 
nervously by most of the authors, and despite the obvious need for it, it is never difficult 
to criticize Annual Reviews, and this one is no exception. It seems in parts both over- 
ambitious and pedestrian, too detailed and naive. This dissatisfaction arises at least 
Partly from ambiguity about the precise functions, possible or intended, of such Reviews. 
One is constantly driven to ask exactly what interests are meant to be catered for; neither 
the editor nor any of the authors explicitly address themselves to this question, leaving 
one unsure as to how to judge the articles. As instant history of science, they cannot 
but fail, The work reviewed is too recent, the involvement of the authors in it too great, 
for the necessary detachment and theoretical perspective. The only chapter in this 
volume which seems (to a complete layman) to come anywhere near success by these 
Criteria is that on Computer Simulation by Earl Hunt. It may well be that the re- 
quirements of this particular subject are such that one cannot even begin to study it 
without making explicit its logical foundations, something that unfortunately does not 
Seem to be true of the rest of psychology, as represented in this volume. Perhaps a 
little research should be done on who uses the Annual Reviews, and for what purposes. 
One assumes that they are intended for those wishing to find out something about subjects 
that are not in their major or current fields of interest, since they come out too long after 
the initial publication of papers to keep any specialist up to date. The articles are clearly 
written to be something more than well selected bibliographies, though it is difficult not 
to feel, perhaps unfairly, that some of them do not really rise above this level. Perhaps 
there would be less dissatisfaction if this bibliographic function could, within each article, 
be explicitly separated from other possible functions, such as providing a readable account, 
that is not just a catalogue, of “what has happened” in a particular field. 

As regards content, it is only possible to comment on those subjects of which one has 
some first-hand experience, and it would therefore be invidious to name the particular 
articles, but there are some rather strange omissions. In all cases these are omissions of 
what seems to the present reviewer to be important European work, including much 
published in English. In general nearly all the chapters are devoid of references to non- 
American work, inevitably in some subjects, but making one feel that this volume at 
least should be more properly called the Annual Review of American Psychology. There are 
the usual run of massively uninformative statements, mostly in the more applied subjects, 
e.g.: “People start smoking due to such factors as conformity, curiosity, enjoyment, 
and rebellion against authority . . .”; “Research on student development . . . informs 
us that the college as context for student development is a significant variable as it im- 
pinges on students.” There is a strange claim to objectivity in the request that the term 
“consumer solicitude” should replace the allegedly less objective one of “consumer 
protection.” And it might be thought just slightly old-fashioned, in these days of sophis- 
ticated genetic analysis, to regard the finding of a strong heritability component in certain 
Psychomotor tasks as grist to a reactionary mill. 

Despite these criticisms, it must be reiterated that at times when it is hard enough 
to keep up with the exploding literature in one’s own fields of interest, any form of intelli- 


gent selection in other fields is immensely welcome. 
Joanna RYAN. 
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Selective Attention and Evoked Potentials. By R. Näätänen. (Ann. Acad, Scientiarum 
Fennicae, Ser. B, 151.) Helsinki: Suomalainen Tiedeakatemia. 1967. PP- 
226. £2 Ios. 

This monograph is divided into two parts. The first part contains a critical assessment 
of the results of studies of changes in evoked potentials in animal and human subjects 
during selective attention. No one who has worked in this field escapes criticism, and 
for the most part the criticisms are sound. Näätänen reviews this work in relation to 
the hypothesis that evoked responses to unattended stimuli should be smaller than those 
to attended stimuli. He concludes, rightly I think, that “no evoked potential ampli- 
tude correlates for selective perception were provided by these investigations” (p. 43)- 

The essential point made in the second part of the monograph, which details his ow? 
experiments, is that if stimulus A is presented at the time when the subject is required to 
attend to that stimulus, or to ignore it and attend to stimulus B, the evoked potential 
to A recorded at the scalp will be Zarger than when the subject is not required to attend 
to any stimulus. Such changes in the evoked potential therefore are non-specific (“in- 
creased reactivity to all kinds of stimuli”) rather than specific (“increased reactivity to 
relevant stimuli and/or diminished reactivity to irrelevant stimuli”) (p. 62). 

I doubt if these results represent the last word for since this monograph appeared 
claims have already been made that changes in some of the late components of the evoked 
potential are “specific”. Within another two years it will certainly be necessary to review 
the field once again. 4 

Certain conclusions which Näätänen draws from his own studies of evoked potentials 
are not entirely warranted. He writes that these studies “ . . . do not support the hypo- 
thesis that selective attention and selective perception are based on selective inhibition 
of irrelevant impulses,” _It might well be, however, that these experiments are not 
incompatible with this view. There is often a disassociation between the activity © 
single cells and of the electroencephalogram, and changes in one may not be reflecte! 


in changes in the other. Hence, it is possible for there to b in the firing 
i ; A a e marked changes in the 

rate or responsiveness of single cells, without associated changes in the electroencephalo- 

gram. 
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Lastly, there is the hypothesis of a brain centre and a cortex interacting with another. 
Such a system would have the property of solving one problem at a time; psychological 
data support this idea. But where is the experiment? Presumably one should look 
for some central rhythm out of phase with cortical a rhtyhm. But the author is expressly 
Speaking about non-specific cortical areas, and in these we do not observe g rhythm. 

_ This review is a debate between a micro-theory man and a macro-theory man. There 
is room and need for both; it is hoped that the above discussion will demonstrate that 


Professor Griffith’s ideas must be examined very carefully. 
A. M. UTTLEY. 


Human Learning and Memory: Selected Readings. Edited by Norman J. Slamecka. 
London and New York: Oxford University Press. 1967. Pp. x + 543- 46s. 


_ This expensive paperback contains 50 papers, all by American authors, reprinted 
in the main from four American journals. ( ‘Journal of Experimental Psychology, Psycho- 
logical Review, Journal of Verbal Learning and Verbal Behaviour and American Journal 
of Psychology). The 50 papers are divided into ten sections, covering the interference 
theory of forgetting, serial learning processes, the serial position effect, continuity versus 
discontinuity, free recall, short-term memory, transfer, psycholinguistics, concept 
formation and verbal conditioning. Each section is preceded by some concise remarks 
by the Editor about the five papers following, together with five additional references 
for those who wish to study the problem more extensively.” 
_ This book is designed as a basic source of the more frequently cited “key” articles 
in the area of human verbal learning and memory, and, among other things, as “a practical 
solution to the problem encountered when a dozen or more students, all seeking the same 
article, converge simultaneously upon the library.” In these respects, the book succeeds. 
The ten fields chosen by Slamecka are certainly among the most important fields of 
investigation at the present moment, although perhaps one would have preferred to see 
Serial learning processes and the serial position effect condensed into one section, leaving 
room for a section devoted to mathematical learning theories. Also, the scope of the 
sections themselves could have been widened a little; for instance, instead of ‘‘the inter- 
ference theory of forgetting,” Slamecka might have considered ‘‘possible causes of for- 
Setting.” The 50 articles ave among the more frequently cited, by American psycholo- 
gists at least (although whether one can equate ‘‘more frequently cited” with “key” is 
arguable), and it is certainly useful to have them collected together in an organized 
fashion. The question is not whether or not this book is useful, but rather whether its 
usefulness outweighs its cost. In my opinion, this is not so for individuals, except in 
the case of a small minority of students who have no means of access to the four Journals 
mentioned above. However, I think the usefulness of this book does outweigh its cost 
as far as libraries are concerned. 

There are two main ways in which the usefulness of a collection of articles could 
outweigh its cost to individuals. First of all, if a number of important articles were in- 
cluded which had not been previously published in a widely circulated journal, but had 
appeared merely in technical reports (etc.), this would make the book worth buying, 
and also help in the spread of knowledge. For instance, the article by Egan (1958) 
on the application of signal detection theory to memory, is often cited, but very difficult 
to get hold of, and the same applies to several technical reports on mathematical learning 
theories, Secondly, the book might have been especially worth buying if the Editor 
had written a considerable part of it himself, instead of a very short introduction to each 
section, For instance, the Editor might have written a concluding chapter raising such 
questions as why research has moved in these directions, and in which directions research 
might move in the future. The Editor could also have tried to clarify some of the import- 
ant issues in learning, for instance the nature of aquisition, retention, retrieval and decision 
processes, which are often inextricably intermingled in paired-associate learning experi- 
ments, Alternatively, the Editor might have considered how results from experiments 
in the laboratory might be applied (or have been applied) outside the laboratory, and, 
indeed, might have considered why factors which appear so important outside the labora- 
tory (for instance, motivation) are largely not investigated inside the (human) laboratory, 
and why some of the phenomena studied so extensively inside the laboratory (for instance, 
the serial position effect) are largely neglected outside the laboratory. 

Since all these articles are fairly easy to get hold of, and the contributions from the 
Editor are not remarkable, it seems to me that a student of human learning and memory 
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would be better advised to obtain a recent textbook, rather than this collection of readings. 
However, this book would be very useful as a reference book in the library. 
D. P. FARRINGTON. 


Cognitive Psychology. By Ulric Neisser. New York: Appleton Century Crofts. 1967- 
Pp. xi + 351. £3 8s. $7.50. 

Cognitive Psychology is a misleading title, suggesting a work on conceptual thinking. 
Only the last of the eleven chapters is addressed to that topic, and even it includes also 
memory, imaging, hallucinations etc. The rest of the book is about the perception of 
visual form and of written and spoken language. Perhaps once in five years in human 
experimental psychology a book is published which so exactly fills a need in its subject 
matter, and is so well written that it can be recommended without reservations. If 
Garner’s Uncertainty and Structure was the last book of this type, Cognitive Psychology 38 
the current one. It is therefore unfortunate that the title does not reflect the content 
more closely. Neisser’s book may even be more influential than Garner’s, because it 
covers a wider field, organizing it in terms of a simple idea, it is aimed at a less advanced OF 
specialized reader, and is hardly concerned with formal problems at all—but an intro- 
ductory dig at information measurement. 

The book has many faults that it does not tax the critic to discover. But this is not 
the point. Using a book is not an analytic activity but a synthetic one. Neisser 5 
theme, onto which he grafts such superficially disparate phenomena as character recognition 
and hypnagogic imagery is that of perception as involving an active synthesis of interna 
representations to be matched with external events. Among other phenomena this idea 
is consistent with complete perception in the presence of an incomplete stimulus. So1 
is with reading the book. Because the overall outline of the book so exactly fulfills 4 
need it makes the reader synthesize his own version in which the faults are corrected 
A second edition (the first has already reprinted) might correct some of these details 46 
well as incorporating some of the current research important to the theme. The above 
opinions of the book are not unique, agreeing with the overall reactions of a postgraduate 
discussion group which devoted four sessions to Cognitive Psycholo, y 
ie ee eulogy ee to encourage the reader to as the title and ust 
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selectivity and hence attention. But in the chapter on focal attention and figural 
synthesis, Neisser says that to direct attention to a figure is “to attempt a more extensive 
synthesis of it” (possibly some circularity in “more extensive’’?); now, if synthesis is 
to be invoked thus to solve the segmentation problem, and the detail-under-transformation 
problem there must be an accompanying selection of the sub-set of stimulus aspects 
Corresponding to the sub-set of synthesized aspects. Thus synthesis regwives selectivity 
and is not identical to it. But in the chapter on auditory attention, Neisser explains 
away attention as being synonymous with active synthesis rather than any filtering 
prior to the recognition stage! No account is taken of the fact that most selective 
attention experiments have explicitly required an active synthesis of subjects in the crude 
sense of the shadowing response. These are the difficulties of working with nice ideas 
like “synthesis” rather than explicit models. Neisser should have protected the unwary 
reader by pointing out that the difficulties do exist, and by saying explicitly, for example, 
that more than one level of selective or synthetic process was possible. 

_ In order to write a book that is useful for varied specialists wishing to keep in touch 
with an active field (there are about 500 references) Neisser must inevitably have left 
some stones half-turned. One review paper is cited as “lucid” which this reviewer often 
cites as an example of a paper that is undesirably loose. Neisser is often under-critical, 
and each specialist will be able to find unobserved niceties in his own area. But non- 
Specialisation has its good sides as well; Neisser has not worked in what is currently 
termed psycholinguistics; he points out that the insistence in structural analysis in that 
field has much in common with Gestalt Psychology. Neisser clearly understands Gestalt 
Psychology (and Psychoanalysis); this reviewer never did understand it fully, and the 
parallels drawn have been of some help. In addition the excellent chapter on sentences 
is much more useful than it probably would have been had Neisser himself been steeped 
in the current obscurantist tradition in psycholinguistics. 

With these virtues of usability and readability does it matter that some method- 
ological and conceptual problems are raised and not worked out? That introspective 
evidence is used and linked to the “synthesis” model in an informal fashion, or that 
“demand characteristics” of experiments are used to justify skeptimism only when it 
suits the train of the argument? Undergraduates will have to be forewarned, but in 


a world of the Unexceptionable the Good will always be welcome. 
Marx P. HAGGARD. 


Experiments in Animal Behaviour. By Marguerite D. Hainsworth. London: Macmillan. 
1967. Pp. x + 206. 35s. 

It appears that animal behaviour is being studied increasingly in Biology courses in 
schools and Colleges of Education, and this book is addressed mainly to people concerned 
with such work. It provides detailed instructions for carrying out experiments on a wide 
range of animals, from protozoa to rodents, with the emphasis on the study of reponse 
to light, temperature, and chemical and mechanical stimulation. The experiments 
have been ingeniously planned to exploit the limited technical resources likely to be 
available to students, and the book is clearly the product of considerable practical teaching 
experience. It aspires to be more than a laboratory manual, and it is full of suggestions 
intended to stimulate independent work. But the best of pedagogic intentions are liable 
to be degraded in the classroom, and one would like to be sure that the study of animal 
behaviour at this level would not turn into the performance of a set of standardized 
laboratory exercises. Possibly because each chapter deals with a variety of experiments 
with a particular group of animals rather than, with experiments on a particular 
behavioural capacity in different species, the book is rather disjointed, and it sometimes 
reads like a set of hints for amusing the children on wet afternoons during the school 


holidays. 
Would it help University students of Psychology to have pursued at school the kind 
of course to which this book relates? It would certainly give them a good deal of practical 
but it might be questioned whether this is 


experience in experimenting with animals, b € this 
what is most needed. One of the special problems of animal behaviour as a scientific 


subject matter is the difficulty we have in understanding the need for explanations that 
go beyond the level of everyday conversation, and then in constructing such explanations. 


This is a problem that this book hardly acknowledges. 
M. H. SHELDON. 
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